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COMPUTER S^EMS AND METHODS FOR ASSoSRuNG GENES WITH 
TRAITS USING CROSS SPECIES DATA 

CROSS-REFERENCE TO RELATED APPLICATIONS 

This application claims benefit, under 35 U.S.C. § 119(e), of U.S. Provisional 
Patent Application No. 60/436,684 filed on December 27, 2002 which is incorporated 
herein, by reference, in its entirety. This application also claims benefit, under 35 U.S.C. 
§ 119(e), of U.S. Provisional Patent Application No. 60/460,343 filed April 2, 2003, 
which is incorporated herein, by reference, in its entirety. 

I. FIELD OF THE INVENTION 

The field of this invention relates to computer systems and methods for 
identifying genes and biological pathways associated with traits. In particular, this 
invention relates to computer systems and methods for using both gene expression data 
and genetic data to identify gene-gene interactions, gene-phenotype interactions, and 
biological pathways linked to traits in one species using data from another species. 

2. BACKGROUND OF THE INVENTION 

A variety of approaches have been taken to identify genes and pathways that are 
associated with traits, such as human disease. In one approach, attempts have been made 
to use gene expression data to identify genes and pathways associated with such traits. In 
another approach, genetic information has been used to attempt to identify genes and 
pathways associated with traits. For instance, clinical measures of a population may be 
taken to study a trait such as a disease found in the population. Risk factors for the trait 
can be established from these clinical measures. Demographic and environmental factors 
are further used to explain variation with respect to the trait. Further, genetic variations 
associated with traits, such as disease-related traits, as well as the disease itself are used to 
identify regions in the genome linked to a disease. For example, genetic variations in a 
population may be used to determine what percentage of the variation of the trait in the 
population of interest can be explained by genetic variation of a single nucleotide 
polymorphism (SNP), haplotype, or short tandem repeat (STR) marker. However, as will 
be described below, the elucidation of genes involved in biological pathways that 
influence a trait, such as a disease, using either gene expression or genetic expression 
approaches, is problematic and generally not successful in many instances. 
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2.1. USE OF «pSURED GENE EXPRESSION DAlWO IDENTIFY GENES 
AND PATHWAYS ASSOCIATED WITH TRAITS 

Within the past decade, several technologies have made it possible to monitor the 
expression level of a large number of transcripts at any one time (see, e.g., Schena et al, 
1995, Quantitative monitoring of gene expression patterns with a complementary DNA 
microarray, Science 270:467-470; Lockhart et al., 1996, Expression monitoring by 
hybridization to high-density oligonucleotide arrays, Nature Biotechnology 14: 1675- 
1680; Blanchard et al, 1996, Sequence to array: Probing the genome's secrets, Nature 
Biotechnology 14, 1649; U.S. Patent 5,569,588, issued October 29, 1996 to Ashby et al 
entitled "Methods for Drug Screening"). In organisms for which the complete genome is 
known, it is possible to analyze the transcripts of all genes within the cell. With other 
organisms, such as human, for which there is an increasing knowledge of the genome, it 
is possible to simultaneously monitor large numbers of the genes within the cell. 

Such monitoring technologies have been applied to the identification of genes that 
15 are up regulated or down regulated in various diseased or physiological states, the 
analyses of members of signaling cellular states, and the identification of targets for 
various drugs. See, e.g., Friend and Hartwell, U.S. Patent Number 6,165,709; Stoughton, 
U.S. Patent Number 6,132,969; Stoughton and Friend, U.S. Patent Number 5,965,352; 
Friend and Stoughton, U.S. Patent Number 6,324,479; and Friend and Stoughton, U.S. 
Patent Number 6,218,122, all incorporated herein by reference for all purposes. 

Levels of various constituents of a cell are known to change in response to drug 
treatments and other perturbations of the biological state of a cell. Measurements of a 
plurality of such "cellular constituents" therefore contain a wealth of information about 
the effect of perturbations and their effect on the biological state of a cell. Such 
measurements typically comprise measurements of gene expression levels of the type 
discussed above, but may also include levels of other cellular components such as, but by 
no means limited to, levels of protein abundances, protein activity levels, or protein 
interactions. The collection of such measurements is generally referred to as the "profile" 
of the cell's biological state. Statistical and bioinformatical analysis of profile data has 
30 been used to try to elucidate gene regulation events. Statistical and bioinformatical 
techniques used in this analysis comprises hierarchical cluster analysis, reference or 
supervised classification approaches and correlation-based analyses, See, e.g., Tamayo et 
al, 1999, Interpreting patterns of gene expression with self-organizing maps: methods 
and application of hematopoietic differentiation, Proc. Natl Acad. Sci. U.S.A. 96:2907- 
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2912; Brown et al, 2Wu, Knowledge-based analysis of microatray gene expression data 
by using support vector machines, Proc. Natl. Acad. Sci. U.S.A. : 97, 262-267; 
Gaasterland and Bekinraov, Making the most of microarray data, Nat. Genet. : 24, 204- 
206, Cohen et al., 2000, A computational analysis of whole-genome expression data 
5 reveals chromosomal domains of gene expression, Nat. Genet. 24: 5-6, 2000. 

The use of gene expression data to identify genes and elucidate pathways 
associated with traits has typically relied on the clustering of gene expression data over a 
variety of conditions. See, e.g., Roberts et al, 2000, Signaling and circuitry of multiple 
MAPK pathways revealed by a matrix of global gene expression profiles; Science 

1 0 287:873 ; Hughes et al., 2000, Functional Discovery via a Compendium of Expression 
Profiles, Cell 102:109. However, gene expression clustering has a number of drawbacks. 
First, gene expression clustering has a tendency to produce false positives. Such false 
positives arise, for example, when two genes coincidentally have correlated expression 
profiles over a variety of conditions. Second, although gene expression clustering 

1 5 provides information on the interaction between genes, it does not provide information on 
the topology of biological pathways. For example, clustering of gene expression data 
over a variety of conditions may be used to detennine that genes A and B interact. 
However, gene expression clustering typically does not provide sufficient information to 
determine whether gene A is downstream or upstream from gene B in a biological 

20 pathway. Third, direct biological experiments are often required to validate the 

involvement of any gene identified from the clustering of gene expression data in order to 
increase the confidence that the target is actually valid. For these reasons, the use of gene 
expression data alone to identify genes involved in traits, such as various complex human 
diseases, has often proven to be unsatisfactory. 

25 

2.2. USE OF GENETICS DATA TO IDENTD7Y GENES AND PATHWAYS 

ASSOCIATED WITH TRAITS 

Genetics data have been used in the field of trait analysis in order to attempt to 

identify the genes that affect such traits. A key development in such pursuits has been the 

30 development of large collections of molecular/genetic markers, which can be used to 

construct detailed genetic maps of species, such as humans. These maps are used in 

• Quantitative Trait Locus (QTL) mapping methodologies such as single-marker mapping, 

interval mapping, composite interval mapping and multiple trait mapping. (For a review, 

see Doerge, 2002, Mapping and analysis of quantitative trait loci in experimental 
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populations, Nature ReWws: Genetics 3:43-62. QTL mapping methodologies provide 
statistical analysis of the association between phenotypes and genotypes for the purpose 
of understanding and dissecting the regions of a genome that affect traits. 

A quantitative trait locus (QTL) is a region of any genome that is responsible for 
some percentage of the variation in the quantitative trait of interest. The goal of 
identifying all such regions that are associated with a specific phenotype is typically 
difficult to accomplish because of the sheer number of QTL, the possible epistasis or 
interactions between QTL, as well as many additional sources of variation that can be 
difficult to model and detect. To address these problems, QTL experiments can be 
designed with the aim of containing the sources of variation to a limited number in order 
to improve the chances of dissecting a phenotype. In general, a large sample of 
individuals has to be collected to represent the total population, to provide an observable 
number of recombinants and to allow a thorough assessment of the trait under 
investigation. Using this information, coupled with one of several methodologies to 
detect or locate QTL, associations between quantitative traits and genetic markers are 
made as steps toward understanding the genetic basis of traits. 

A drawback with QTL approaches is that, even when genomic regions that have 
statistically significant associations with traits are identified, such regions are usually so 
large that subsequent experiments, used to identify specific causative genes in these 
regions, are time consuming and laborious. High density marker maps of the genomic 
regions are required. Furthermore, physical resequencing of such regions is often 
required. In fact, because of the size of the genomic regions identified, there is a danger 
that causative genes within such regions simply will not be identified. In the event of 
success, and the genomic region containing genes that are responsible for the trait 
variation are elucidated, the expense and time from the beginning to the end of this 
process is often too great for identifying genes and pathways associated with traits, such 
as complex human diseases. 

In the case of humans, the use of genetics to identify genes and pathways 
associated with traits follows a very standard paradigm. First, a genome-wide linkage 
study is performed using hundreds of'gerietic markers in family-based data to identify 
broad regions linked to the trait. The result of this standard sort of linkage analysis is the 
identification of regions controlling for the trait, thereby restricting attention from the 
30,000 plus genes to perhaps as few as 500 to 1000 genes in a particular region of the 
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genome that is linkedlo^he trait. However, the regions identified using linkage analysis 
are still far too broad to identify candidate genes associated with the trait. Therefore, 
such linkage studies are typically followed up by fine mapping the regions of linkage 
using higher density markers in the linkage region, increasing the number of families in 
5 the analysis, and identifying alternative populations for study. These efforts further 
restrict attention to narrower regions of the genome, on the order of 100 genes in a 
particular region linked to the trait. Even with the more narrowly defined linkage region, 
the number of genes to validate is still unreasonably large. Therefore, research at this 
stage focuses on identifying candidate genes based on putative function of known or 
10 predicted genes in the region and the potential relevance of that function to the trait. This 
approach is problematic because it is limited to what is currently known about genes. 
Often, such knowledge is limited and subject to interpretation. As a result, researchers 
are often led astray and do not identify the genes affecting the trait. 

There are many reasons that standard genetic approaches have not proven very 
15 successful in the identification of genes associated with complex traits, such as common 
human diseases, or the biological pathways associated with such traits. First, common 
human diseases such as heart disease, obesity, cancer, osteoporosis, schizophrenia, and 
many others are complex in that they are polygenic. That is, they potentially involve 
many genes across several different biological pathways and they involve complex 

20 gene-environment interactions that obscure the genetic signature. Second, the complexity 
of the diseases leads to a heterogeneity in the different biological pathways that can give 
rise to the disease. Thus, in any given heterogeneous population, there may be defects 
across several different pathways that can give rise to the disease. This reduces the ability 
to identify the genetic signal for any given pathway. Because many populations involved 

25 in genetic studies are heterogeneous with respect to the disease, multiple defects across 
multiple pathways are operating within the population to give rise to the disease. Third, 
as outlined above, the genomic regions associated with a linkage to a disease are large 
and often contain a number of genes and possible variants that are potentially associated 
the disease. Fourth, the traits and disease states themselves are often not well 

30 defined. Therefore, subphenotypes are often overlooked even though these 

subphenotypes implicate different sets of biological pathways. This reduces the power of 
detecting the associations. Fifth, even when genes and trait are highly correlated, the 
genes may not give the same genetic signature. Sixth, in cases where genes and a trait are 
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moderately correlated, or not correlated at all, the genes may give rise to the same genetic 
signature. 

In addition to the heterogeneity problems discussed above, the identification of 
genes and biological pathways associated with traits, such as complex human diseases, 
using genetics data is confounded, when using human subjects, due to the inability to use 
common genetic techniques and resources in humans. For example, humans cannot be 
crossed in controlled experiments. Therefore, there is typically very little pedigree data 
available for humans. Elucidation of genes associated with diseases in humans is also 
difficult because humans are diploid organisms containing two genomes in each nucleate 
cell, making it very hard to determine the DNA sequence of the haploid genome. 
Because of these limitations, genetic approaches to discovering genes and biological 
pathways associated with human diseases is unsatisfactory. 

Companies such as deCode Genetics (Reykjavik, Iceland) study populations that 
are isolated and so are more homogenous with respect to disease, thereby increasing the 
power to detect association. The disease variations themselves in such populations are 
greatly reduced as founder effects for many diseases are evident (i.e., specific forms of 
diseases in such populations most likely arose from a single or small numbers of founders 
of the population). Other companies, such as Sequenome (San Diego, Cahfornia), use 
twin cohorts to study complex diseases. Identical twins are a powerful tool in ' 
establishing the genetic component of a trait. The genetic component of a trait is defined 
as the degree to which a given trait is under genetic control. Dizygotic twins allow for 
age, gender and environment matching, which helps reduce many of the confounding 
factors that often reduce the power of genetic studies. In addition, the completion of the 
human and mouse genomes has made the job of identifying candidate genes in a region of 
linkage far easier, and it reduces dependency on considering only known genes, since 
genomic regions can be annotated using ab initio gene prediction software to identify 
novel candidate genes associated with the disease. Further, the use of demographic, 
epidemiological and clinical data in more sophisticated models helps explain much of the 
trait variation in a population. Reducing the overall variation in this way increases the 
power to detect genetic variation. The identification of millions of SNPs allows finer 
mapping in any given region of the genome and direct association testing of very large 
case/control populations, thereby reducing the need to study families and more directly 
identify the degree to which any genetic variant affects a given population. Finally, our 
understanding of disease and the need to subphenotype a given disease is now more fully 



WO 2004/061616 ^ ^ PCT/US2003/041613 

appreciated and aids inrlducing the heterogeneity of the disease under study. 
Technologies such as microarrays have greatly facilitated the ability to subclassify 
disease subtypes for a given disease. However, all of the methods still fall short when it 
comes to efficiently identifying genes and pathways associated with diseases. 



2.3. OBESITY 

Obesity represents the most prevalent of body weight disorders, and it is the most 
important nutritional disorder in the western world, with estimates of its prevalence 
ranging from 30% to 50% within the middle-aged population. Other body weight 
disorders, such as anorexia nervosa and bulimia nervosa, which together affect 
approximately 0.2% of the female population of the western world, also pose serious 
health threats. Further, such disorders as anorexia and cachexia (wasting) are also 
prominent features of other diseases such as cancer, cystic fibrosis, and AIDS. 

It has been estimated that half of all Americans are overweight. Within the United 
States about 24% of men and 27% of women are defined as mildly to severely obese. 
Individuals 20% over ideal weight guidelines are considered obese. Obesity is classified 
as mild (20-40% overweight), moderate (41-100% overweight), and severe (>100%) 
overweight. Severe obesity is relatively rare, affecting less than 0.5% of all obese 
individuals and about 0. 1 % of the total population. 

In order to measure obesity, the weight/height ratio may be calculated by 
obtaining the weight of an individual in kilograms (kg) and dividing this value by the 
square of the height of the individual in meters. Alternatively, the weight/height ratio of 
an individual may be obtained by multiplying the weight of the individual in pounds (lbs) 
by 703 and dividing this value by the square of the height of the individual (in inches 
(in)). These ratios are typically referred to as BMI. Thus, BMI=kg/m 2 or BMI=(lbs. x 
703)/(in) 2 . Where BMI is utilized as a measure of obesity, an individual is considered 
overweight when BMI values range between 25.0 and 29.9. Obesity is defined as BMI 
vakies greater than or equal to 30.0. The World Health Organization assigns BMI values 
as follows: 25.0-29.9, Grade I obesity (moderately overweight); 30-39.9, Grade II obesity 
(severely overweight); and 40.0 or greater, Grade m obesity (massive/morbid obesity). 
Using weight tables, obesity is classified as mild (20-40% overweight), moderate (41- 
l(/0% overweight), and severe (>100%) overweight. Individuals 20% over ideal weight 
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guidelines are considered obese. Individuals 1-19.9% over ideal weight are classified as 
.overweight. 

Obesity also contributes to other diseases. For example, this disorder is 
responsible for increased incidence of diseases such as coronary artery disease, 
hypertension, stroke, diabetes, hyperlipidemia, and some cancers (See, e.g., Nishina, P. 
M. et aL, 1994, Metab. 43: 554-558; Grundy, S. M. & Barnett, J. P., 1990, Dis. Mon. 36: 
641-731). Obesity is not merely a behavioral problem, i.e., the result of voluntary 
hyperphagia. Rather, the differential body composition observed between obese and 
normal subjects results from differences in both metabolism and neurologic/metabolic 
interactions. These differences seem to be, to some extent, due to differences in gene 
expression, and/or level of gene products or activity (Friedman, J. M. et al., 1991, 
Mammalian Gene 1: 130-144). 

The epidemiology of obesity strongly shows that the disorder exhibits inherited 
characteristics (Stunkard, 1990, N. Eng. J. Med. 322: 1438). Moll et al have reported 
that, in many populations, obesity seems to be controlled by a few genetic loci (Moll et 
al, 1991, Am. J. Hum. Gen. 49: 1243). In addition, human twin studies strongly suggest 
a substantial genetic basis in the control of body weight, with estimates of heritability of 
80-90% (Simopoulos, A. P. & Childs, B., eds., 1989, in "Genetic Variation and Nutrition 
in Obesity", World Review of Nutrition and Diabetes 63, S. Karger, Basel, Switzerland; 
Borjeson, M., 1976, Acta. Paediatr. Scand. 65: 279-287). 

In other studies, non-obese persons who deliberately attempted to gain weight by 
systematically over-eating were found to be more resistant to such weight gain and able to 
maintain an elevated weight only by very high caloric intake. In contrast, spontaneously 
obese individuals are able to maintain their status with normal or only moderately 
elevated caloric intake. In addition, it is a commonplace experience in animal husbandry 
that different strains of swine, cattle, etc., have different predispositions to obesity. 
Studies of the genetics of human obesity, and of animal models of obesity demonstrate 
that obesity results from complex defective regulation of both food intake, food induced 
energy expenditure, and of the balance between lipid and lean body anabolism. 

There are a number of genetic diseases in man and other species that feature 
obesity among their more prominent symptoms, along with, frequently, dysmorphic 
features and mental retardation. For example, Prader-Willi syndrome (PWS; reviewed in 
Knoll, J. H. et al., 1993, Am. J. Med. Genet. 46: 2-6) affects approximately 1 in 20,000 
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live births, and invo^^poor neonatal muscle tone, facial and gStal deformities, and 
generally obesity. 

In addition to PWS, many other pleiotropic syndromes have been characterized 
that include obesity as a symptom. These syndromes are genetically straightforward, and 
appear to involve autosomal recessive alleles. Such diseases include, among others, 
Ahlstroem, Carpenter, Bardet-Biedl, Cohen, and Morgagni-Stewart-Monel Syndromes. 

A number of models exists for the study of obesity (see, e.g., Bray, G. A., 1992, 
Prog. Brain Res. 93: 333-341; and Bray, G. A., 1989, Amer. J. Clin. Nutr. 5: 891-902). 
For example, animals having mutations that lead to syndromes that include obesity 
symptoms have also been identified. Attempts have been made to utilize such animals as 
models for the study of obesity, and the best studied animal models to date for genetic 
obesity are mice. For reviews, see, e.g., Friedman, J. M. et al., 1991, Mamm. Gen. 1: 130- 
144; Friedman, J. M. and Liebel, R. L., 1992, Cell 69: 217-220. 

Studies utilizing mice have confirmed that obesity is a very complex trait with a 
high degree of heritability. Mutations at a number of loci have been identified that lead to 
obese phenotypes. These include the autosomal recessive mutations obese (ob), diabetes 
(db), fat (fat), and tubby (tub). 

Thus, given the above background, what is needed in the art are improved 
methods for identifying genes and biological pathways that affect complex traits such as 
diseases. In particular genes and biological pathways that affect obesity, which poses a 
major, worldwide health problem, are needed. 

Discussion or citation of a reference herein will not be construed as an admission 
that such reference is prior art to the present invention. 



3. SUMMARY OF THE INVENTION 

The present invention provides an improvement over the art by uniquely 
combining gene expression approaches with genetic approaches in order to determine the 
genes associated with traits, such as complex human diseases. In the computer systems 
and methods of the present invention, genetic approaches are used to filter out false 
positive genes from gene expression clusters. Furthermore, the computer systems and 
methods of the present invention are used to advantageously combine gene expression 
data with genetics data to elucidate biological pathways associated with traits. 
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3.1. ASSOCIATING A TRAIT WITH A GENE IN A FIRST SPECIES BY USING 
eQTL-cQTL OVERLAP IN A SECOND SPECIES 

One aspect of the invention provides a method for associating a gene G in the 
genome of a first species with a clinical trait T exhibited by the first species and a second 
species. In the method a gene G' is found in the second species that is an ortholog of the 
gene G. Further, an expression quantitative trait loci (eQTL) is identified for gene G' 
using a first quantitative trait loci (QTL) analysis. The first QTL analysis uses a plurality 
of expression statistics for gene G'as a quantitative trait. Each expression statistic in the 
plurality of expression statistics represents an expression value for the gene G' in an 
organism in a plurality of organisms of the second species. A clinical quantitative trait 
loci (cQTL) that is linked to the clinical trait T is identified using a second QTL analysis. 
The second QTL analysis uses a plurality of phenotypic values as a quantitative trait. 
Each phenotypic value in the plurality of phenotypic values represents a phenotypic value 
for the clinical trait T in an organism in the plurality of organisms of the second species. 
Next, a determination is made as to whether the eQTL and the cQTL colocalize to the 
same locus in the genome of the second species. When the eQTL and the cQTL 
colocalize to the same locus, the gene G is associated with the clinical trait T in the first 
species. 

In some embodiments, the above described determining step further comprises 
determining whether the locus of the eQTL in the genome of the second species 
corresponds to the physical location of the gene G' in the genome of the second species. 
When the locus of the eQTL in the genome of the second species corresponds to the 
physical location of the gene G' in the genome of the second species the gene G is 
associated with the clinical trait T. 

In some embodiments, the eQTL corresponds to the physical location of the gene 
G' when the eQTL and the gene G' colocalize within about 3cM or within about lcM of 
each other in the genome of the second species. In some embodiments, the method 
further comprising testing whether a colocatization of the eQTL and the cQTL is caused 
by pleiotropy. In some embodiments, the first QTL analysis and the second QTL analysis 
each uses a genetic marker map that represents the genome of the second species, - 

Some embodiments of the present invention include an additional step that is 
performed prior to the first identifying step. This additional step comprises constructing 
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the genetic marker m?from a set of genetic markers associated with a plurality of 
organisms representing the second species. In some embodiments, the set of genetic 
markers comprises nucleotide polymorphisms (SNPs), microsatellite markers, restriction 
fragment length polymorphisms, short tandem repeats, DNA methylation markers, 
sequence length polymorphisms, random amplified polymorphic DNA, amplified 
fragment length polymorphisms, or simple sequence repeats. In some embodiments, the 
genotype data is used in the constructing step and the genotype data comprises knowledge 
of which alleles, for each marker in the set of genetic markers, are present in each 
organism in the plurality of organisms representing the second species. In some 
embodiments, the plurality of organisms representing the second species represents a 
segregating population and pedigree data is used in the constructing step. Further, this 
pedigree data shows one or more relationships between organisms in the plurality of 
organisms representing the second species. In some embodiments, the plurality of 
organisms representing the second species comprises an F2 population, a F, population, a 
F*3 population, or a Design III population and the one or more relationships between 
organisms in the plurality of organisms representing the second species indicates which 
organisms in the plurality of organisms representing the second species are members of 
the F2 population, the F, population, the F 2:3 population, or the Design m population. 

In some embodiments, each expression value is a normalized expression level 
measurement for the gene G' in an organism in the plurality of organisms of the second 
species. In some embodiments, each such expression level measurement is determined by 
measuring an amount of a cellular constituent encoded by the gene G' in one or more 
cells from an organism in the plurality of organisms of the second species. In some 
embodiments, the amount of the cellular constituent comprises an abundance of an RNA 
present in the one or more cells of the organism. In some embodiments, the abundance of 
the RNA is measured by a method comprising contacting a gene transcript array with the 
RNA from the one or more cells of the organism, or with nucleic acid derived from the 
RNA. In such embodiments, the gene transcript array comprises a positionally 
lisJdrsssabie surface with attached nucleic acids or nucleic acid mimics. These nucleic 
acids or nucleic acid mimics are capable of hybridizing with the RNA species, or with 
nucleic acid derived from the RNA species. The normalized expression level 
measurement is obtained by a normalization technique such as, for example, Z-score of 
intensity, median intensity, log median intensity, Z-score standard deviation log of 
intensity, Z-score mean absolute deviation of log intensity, calibration DNA gene set, 
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user normalization gene set, ratio median intensity correction, or intensity background 
correction. 

In some embodiments, the QTL analysis comprises (i) testing for linkage between 
(a) the genotype of the plurality of organisms of the second species at a position in the 



.advancing the position in the genome by an amount; and (iii) repeating steps (i) and (ii) 
until all or a portion of the genome of the second species has been tested. In some 
embodiments the amount is less than 100 centiMorgans, less than 10 centiMorgans, less 
than 5 centiMorgans, or less than 2.5 centiMorgans. In some embodiments, the testing of 
(i) comprises performing linkage analysis or association analysis. In some embodiments, 
linkage analysis or association analysis generates a statistical score for the position in the 
genome of the second species. In some embodiments, testing is linkage analysis and the 
statistical score is a logarithm of the odds (lod) score. In some embodiments, the eQTL is 
represented by a lod score that is greater than about 2.0, that is greater than about 3.0, that 
is greater than about 4.0, or that is greater than about 5.0. 

In some embodiments, the second QTL analysis comprises (i) testing for linkage 
between (a) the genotype of the plurality of organisms of the second species at a position 
in the genome of the second species and (b) the plurality of phenotypic values; (ii) 
advancing the position in the genome by an amount; and (iii) repeating steps (i) and (ii) 
until all or a portion of the genome of the second species has been tested. The amount 
advanced can be, for example, less than 100 centiMorgans, less than 10 centiMorgans, 
less than 5 centiMorgans, or less than 2.5 centiMorgans. The testing of (i) in the second 
QTL analysis may comprise performing linkage analysis or association analysis. This 
linkage analysis or association analysis generates a statistical score for the position in the 
genome of the second species. In some embodiments, the testing is linkage analysis and 
the statistical score is a logarithm of the odds (lod) score. In some embodiments, the 
cQTL is represented by a lod score that is greater than about 2.0, by a lod score that is 
greater than about 3.0, by a lod score that is greater than about 4.0, or by a lod score that 
is greater than about 5.0. 

In some embodiments, the first species is human. In some embodiments, the 
second species is a plant or an animal. In some embodiments, the second species is corn, 
beans, rice, tobacco, potatoes, tomatoes, cucumbers, apple trees, orange trees, cabbage, 
lettuce, or wheat In some embodiments, the second species is a mammal, a primate, 



genome of the second species and (b) the plurality of expression statistics for gene G'; (ii) 
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mice, rats, dogs, cats^aickens, horses, cows, pigs, or monkeys. In still other 
embodiments, the second species is Drosophila, yeast, a virus, or Caenorhabditis elegans. 

In some embodiments, the clinical trait T is a complex trait. In some 
embodiments, the complex trait T is characterized by an allele that exhibits incomplete 
penetrance in the second species. In some embodiments, the complex trait is a disease 
that is contracted by an organism in the plurality of organisms of the second species. 
Further, the organism inherits no predisposing allele to the disease. In some 
embodiments, the complex trait arises when any of a plurality of different genes in the 
genome of the second species is somatically mutated. In some embodiments, the 
complex trait requires the simultaneous presence of mutations in a plurality of genes in 
the genome of the second species. In still other embodiments, the complex trait is 
associated with a high frequency of disease-causing alleles in the second species. In yet 
other embodiments, the complex trait is a phenotype that does not exhibit Mendelian 
recessive or dominant inheritance attributable to a gene locus. In some embodiments the 
complex trait is susceptibility to heart disease, hypertension, diabetes, cancer, infection, 
polycystic kidney disease, early-onset Alzheimer's disease, maturity-onset diabetes of the 
young, hereditary nonpolyposis colon cancer, ataxia telangiectasia, obesity, nonalcoholic 
steatohepatitis (NASH), nonalcoholic fatty liver (NAFL), or xeroderma pigmentosum. 

In some embodiments, the eQTL and the cQTL colocalize to the same locus in the 
genome of the second species when the physical location of the eQTL in the genome is 
within about 40 cM of the physical location of the cQTL in the genome, within about 20 
cM of the physical location of the cQTL in the genome, within about 10 cM of the 
physical location of the cQTL in the genome, or within about 6 cM of the physical 
location of the cQTL in the genome. 

Another aspect of the present invention provides a computer program product for 
use in conjunction with a computer system. The computer program product comprises a 
computer readable storage medium and a computer program mechanism embedded 
therein. The computer program mechanism associates a gene G in the genome of a first 
species with a clinical trait T exhibited by the first species and a second species. The 
computer program mechanism comprises an ortholog identification module for finding a 
gene G' in the second species that is an ortholog of the gene G. The computer program 
saechanism further comprises an expression quantitative trait loci (eQTL) identification 
module for identifying an expression quantitative trait loci (eQTL) for the gene G' using a 
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first quantitative traWci (QTL) analysis. The first QTL analysis uses a plurality of 
expression statistics for the gene G' as a quantitative trait and each expression statistic in 
the plurality of expression statistics represents an expression value for the gene G' in an 
organism in the plurality of organisms of the second species. The computer program 
mechanism further comprises a clinical quantitative trait loci (cQTL) identification 
module for identifying a clinical quantitative trait loci (cQTL) that is linked to the clinical 
trait T using a second QTL analysis. The second QTL analysis uses a plurality of 
phenotypic values as a quantitative trait. Each phenotypic value in the plurality of 
phenotypic values represents a phenotypic value for the clinical trait T in an organism in 
the plurality of organisms of the second species. The computer program mechanism also 
comprises a determination module for determining whether the eQTL and the cQTL 
colocalize to the same locus in the genome of the second species, wherein, when the 
eQTL and the cQTL colocalize to the same locus, the gene G is associated with the 
clinical trait T in the first species. 

Another aspect of the present invention provides a computer system for 
associating a gene G in the genome of a first species with a clinical trait T exhibited by 
the first species and a second species. The computer system comprises a central 
processing unit and a memory coupled to the central processing unit. The memory stores 
an ortholog identification module, an expression quantitative trait loci (eQTL) 
identification module, a clinical quantitative trait loci (cQTL) identification module, and a 
determination module. The ortholog identification module comprises instructions for 
finding a gene G' in the second species that is an ortholog of the gene G. The expression 
quantitative trait loci (eQTL) identification module comprises instructions for identifying 
an expression quantitative trait loci (eQTL) for the gene G' using a first quantitative trait 
loci (QTL) analysis. The first QTL analysis uses a plurality of expression statistics for 
gene G' as a quantitative trait. Each expression statistic in the plurality of expression 
statistics represents an expression value for the gene G' in an organism in a plurality of 
organisms of the second species. The clinical quantitative trait loci (cQTL) identification 
module comprises instructions for identifying a clinical quantitative trait loci (cQTL) that 
is linked to the clinical trait T using a second QTL analysis. The second QTL analysis 
uses aplurality of phenotypic values as a quantitative trait: Each phenotypic value in the 
plurality of phenotypic values represents a phenotypic value for the clinical trait T in an 
organism in the plurality of organisms of the second species. The determination module 
comprises instructions for determining whether the eQTL and the cQTL colocalize to the 
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same locus in th^Pnome of the second species. When the^TL and the cQTL 
colocalize to the same locus, the gene G is associated with the clinical trait T. 



3.2. ASSOCIATING A QTL WITH A COMPLEX TRAIT IN A FIRST SPECIES 
BY CLUSTERING QTL DATA FROM A SECOND SPECIES 

Another aspect of the present invention provides a method for associating a gene 

G in the genome of a first species with a clinical trait T exhibited by the first species and 

a second species. In the method, quantitative trait locus data from a plurality of 

quantitative trait locus analyses is clustered to form a quantitative trait locus interaction 

map. Each quantitative trait locus analysis in the plurality of quantitative trait locus 

analyses is performed for a gene in a plurality of genes in the genome of the second 

species using a genetic marker map and a quantitative trait in order to produce the 

quantitative trait locus data. For each quantitative trait locus analysis, the quantitative 

trait comprises an expression statistic for the gene for which the quantitative trait locus 

analysis is performed. The genetic marker map is constructed from a set of genetic 

markers associated with the plurality of organisms of the second species. The 

quantitative trait locus interaction map is analyzed to identify a gene G f associated with a 

trait. Then, the gene G in the first species that is the ortholog of the gene G r of the 

second species is identified, thereby associating a gene G in the genome of the first 

species with a clinical trait T exhibited by the first species. In some embodiments, the 

method further comprises an additional step that is performed prior to the clustering step. 

This additional step comprises performing each of the quantitative trait locus analyses in 

the plurality of quantitative trait locus analyses. 

In some embodiments, the expression statistic for gene G f is computed by a 
method comprising transforming an expression level measurement of gene G f from each 
organism in the plurality of organisms of the second species. In some embodiments, each 
quantitative trait locus analysis comprises: (i) testing for linkage between a position in a 
chromosome, in the genome of the second species, and the quantitative trait used in the 
quantitative trait locus analysis; (ii) advancing the position in the chromosome by an 
amount; and (iii) repeating steps (i) and (ii) until all or a portion of the genome has been 
tested. In some embodiments, the quantitative trait locus data produced from each 
respective quantitative trait locus analysis comprises a logarithmic of the odds score 
computed at each position tested. In some embodiments, the testing comprises 
performing linkage analysis or association analysis. 
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In some embodiments, the clustering of the quantitative trait locus data from each 
quantitative trait locus analysis comprises applying a hierarchical clustering technique, 
applying a k-means technique, applying a fuzzy k-means technique, applying a Jarvis- 
Patrick clustering, applying a self-organizing map technique, or applying a neural 
network technique. 

Some embodiments of the method include an additional step in which a gene 
expression cluster map is constructed from each expression statistic created by the 
transforming step. In some embodiments, construction of the gene expression cluster 
map comprises creating a plurality of gene expression vectors, each gene expression 
vector in the plurality of gene expression vectors representing an expression level 
measurement of a gene, in the plurality of genes in the genome of the second species, in 
each of the plurality of organisms of the second species. Then, a plurality of correlation 
coefficients are computed. Each correlation coefficient in the plurality of correlation 
coefficients is computed between a gene expression vector pair in the plurality of gene 
expression vectors. The plurality of gene expression vectors are clustered based on the 
plurality of correlation coefficients in order to form the gene expression cluster map. In 
some embodiments, the step of analyzing the quantitative trait locus interaction map 
comprises filtering the quantitative trait locus interaction map in order to obtain a 
candidate pathway group. The filtering comprises identifying a quantitative trait locus in 
the candidate pathway group in the gene expression cluster map. In some embodiments, 
construction of the gene expression cluster map comprises (i) creating a plurality of gene 
expression vectors, each gene expression vector in the plurality of gene expression 
vectors representing a gene in the plurality of genes, (ii) computing a plurality of metrics, 
wherein each metric in the plurality of metrics is computed between a gene expression 
vector pair in the plurality of gene expression vectors; and (iii) clustering the plurality of 
gene expression vectors based on the plurality of metrics in order to form the gene 
expression cluster map. In some embodiments, the plurality of genes comprises at least 
five genes. 

Another embodiment of the present invention provides a computer program 
product for use in conjunction with a computer system. The computer program product 
comprises a computer readable storage medium and a computer program mechanism 
embedded therein. The computer program mechanism comprises a clustering module, an 
analysis module, and an ortholog identification module. The clustering module is used 
for clustering quantitative trait locus data from a plurality of quantitative trait locus 
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analyses to fornT^uantitative trait locus interaction map. Each quantitative trait locus 
analysis in the plurality of quantitative trait locus analyses is performed for a gene in a 
plurality of genes in the genome of a second species using a genetic marker map and a 
quantitative trait in order to produce the quantitative trait locus data. For each 
5 quantitative trait locus analysis, the quantitative trait comprises an expression statistic for 
the gene for which the quantitative trait locus analysis is performed, for each organism in 
a plurality of organisms of the second species. Further, the genetic marker map is 
constructed from a set of genetic markers associated with the plurality of organisms of the 
second species. The analysis module is for analyzing the quantitative trait locus 
1 0 interaction map to identify a gene G' associated with a trait exhibited by a first species 
and the second species. The ortholog identification module is for finding a gene G in the 
first species that is an ortholog of the gene G' in the second species. 

Some embodiments of the present invention provide a computer system for 
associating a gene G in the genome of a first species with a clinical trait T exhibited by 
15 the first species and a second species. The computer system comprises a central 

processing unit and a memory coupled to the central processing unit. The memory stores 
a clustering module, an analysis module and an ortholog identification module. The 
clustering module is for clustering quantitative trait locus data from a plurality of 
quantitative trait locus analyses to form a quantitative trait locus interaction map. Each 

20 quantitative trait locus analysis in the plurality of quantitative trait locus analyses is 

performed for a gene in a plurality of genes in the genome of the second species using a 
genetic marker map and a quantitative trait in order to produce the quantitative trait locus 
data. For each quantitative trait locus analysis, the quantitative trait comprises an 
expression statistic for the gene for which the quantitative trait locus analysis is 

25 performed, for each organism in a plurality of organisms of the second species. The 
genetic marker map is constructed from a set of genetic markers associated with the 
plurality of organisms of the second species. The analysis module is for analyzing the 
quantitative trait locus interaction map to identify a gene G' associated with a trait 
exhibited by the first species and the second species. The ortholog identification module 

30 is for finding a gene G in the first species that is an ortholog of the gene G' of the second 
species. 
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T^B A COMPLEX TRAIT WITH A GeNKn 



3,3. ASSOCIAim A COMPLEX TRAIT WITH A GETIRn A FIRST SPECIES 
BY SUBDIVIDING A SECOND SPECIES POPULATION 

Another aspect of the present invention provides a method for identifying a 

quantitative trait locus for a complex trait in a first species. The complex trait is exhibited 

5 by the first species and a second species. In the me^ioripa plurality of organisms of the 

second species are divided into a plurality of subpopulations using a classification scheme 

that classifies each organism in the plurality of organisms of the second species into at 

least one of the subpopulations. The classification scheme uses a plurality of cellular 

constituent measurements from each organism of the second species. Further, for at least 

10 one subpopulation in the plurality of subpopulations, the method provides the step of 
performing quantitative genetic analysis on the subpopulation in order to identify a 
quantitative trait locus for the complex trait in the second species. The method further 
provides the step of finding the quantitative trait loci in the first species that is the 
ortholog of the quantitative trait locus of the second species, thereby identifying the 

1 5 quantitative trait locus for the complex trait in the first species. 

In some embodiments, the complex trait is a disease that is contracted by an 
organism in the first species or the second species where the organism inherits no 
predisposing allele to the disease. In some embodiments, the complex trait arises when 
any of a plurality of different genes in the genome of the first species or the second 
20 species is mutated. In some embodiments, the complex trait is associated with a high 
frequency of disease-causing alleles in first species or the second species. 

In some embodiments, the complex trait is a phenotype that does not exhibit 
Mendelian recessive or dominant inheritance attributable to a gene locus. In some 
embodiments, the complex trait is susceptibility to heart disease, hypertension, diabetes, 
25 cancer, infection, polycystic kidney disease, early-onset Alzheimer's disease, maturity- 
onset diabetes of the young, hereditary nonpolyposis colon cancer, ataxia telangiectasia, 
obesity, or xeroderma pigmentosum. 

La some embodiments, the plurality of cellular constituent measurements from 
each organism of the second species comprises the measurement of the cellular 
30 constituent levels of ten or more cellular constituents in each organism. In some 
embodiments, the dividing step comprises determining whether a class predictor is 
available, and when a class predictor is available, using a supervised classification 
scheme to classify each organism in the plurality of organisms of the second species into 
a subpopulation in the plurality of subpopulations. When a class predictor is not 
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available, an unsupervised classification scheme is used to classify each organism in the 
plurality of organisms of the second species into a subpopulation in the plurality of 
subpopulations. 

In some embodiments, the classification scheme is a supervised classification 



hierarchical cluster analysis that uses a nearest-neighbor algorithm, a farthest-neighbor 
algorithm, an average linkage algorithm, a centroid algorithm, or a sum-of-squares 
algorithm to determine the similarity between (i) the plurality of cellular constituent 
10 measurements from one organism in the plurality of organisms of the second species and 
(ii) the plurality of cellular constituent measurements from another organism in the 
plurality of organisms of the second species. 

Another aspect of the present invention provides a computer program product for 
use in conjunction with a computer system. The computer program product comprises a 

1 5 computer readable storage medium and a computer program mechanism embedded 

therein. The computer program mechanism comprises a classification module, a genetic 
analysis module, and an ortholog identification module. The classification module is for 
dividing a plurality of organisms of a second species into a plurality of subpopulations 
using a classification scheme that classifies each organism in the plurality of organisms of 

20 the second species into at least one of the subpopulations. The classification scheme uses 
a plurality of cellular constituent measurements from each organism in the second 
species. The genetic analysis module is used, for at least one subpopulation in the 
plurality of subpopulations, to perform quantitative genetic analysis on the subpopulation 
in order to identify a quantitative trait locus for a complex trait that is exhibited by the 

25 second species and a first species. The ortholog identification module is used for finding 
the quantitative trait locus in the first species that is the ortholog of the quantitative trait 
locus of the second species. 

Another aspect of the present invention provides a computer system for 
identifying a quantitative trait locus for a complex trait in a first species. The complex 
30 trait is exhibited by the first species and a second species. The computer system 

comprises a central processing unit and a memory coupled to the central processing unit. 
The memory is used for storing a classification module, a genetic analysis module, and an 
ortholog identification module. The classification module includes instructions for 



5 scheme. In some embodiments, the classification scheme is an unsupervised 

classification scheme. In some embodiments, the unsupervised classification scheme is a 
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dividing a plural^^f organisms of a second species into a pfirality of subpopulations 
using a classification scheme that classifies each organism in the plurality of organisms of 
the second species into at least one of the subpopulations. The classification scheme uses 
a plurality of cellular constituent measurements from each organism in the second 
species. The genetic analysis module includes instructions that, for at least one 
subpopulation in the plurality of subpopulations, performs quantitative genetic analysis 
on the subpopulation in order to identify the quantitative trait locus for the complex trait. 
The ortholog identification module comprises instructions for finding the quantitative trait 
locus in the first species that is the ortholog of the quantitative trait locus in the second 
species. 



3.4. OBESITY RELATED GENES AND OBESITY RELATED GENE 

PRODUCTS 

Another aspect of the present invention provides a method for determining 
whether a candidate molecule affects a body weight disorder associated with an organism. 
The method comprises the step of (a) contacting a cell from the organism with, or 
recombinants expressing within the cell from the organism, the candidate molecule. The 
method further comprises the step of (b) determining whether the RNA expression or 
protein expression in the cell of at least one open reading frame is changed in step (a) 
relative to the expression of the open reading frame in the absence the candidate 
molecule. Each open reading frame is regulated by a promoter native to a nucleic acid 
sequence selected from the group consisting of SEQ ID NO: 1, SEQ ID NO: 2, SEQ ID 
NO: 3, SEQ ID NO: 9, SEQ ID NO: 12, SEQ ID NO: 13, SEQ ID NO: 16, SEQ ID NO: 
19, SEQ ID NO: 20, and homologs of each of the foregoing. The method further 
comprises the step of (c) determining that the candidate molecule affects a body weight 
disorder associated with the organism when the RNA expression or protein expression of 
the at least one open reading frame is changed, or determining that the candidate 
molecule does not affect a body weight disorder associated with the organism when the 
RNA expression or protein expression of the at least one open reading frame is 
unchanged. In some embodiments, the body weight disorder is obesity, anorexia nervosa, 
bulimia nervosa or cachexia. 

In some embodiments, the cell from the organism that is contacted with the 
candidate molecule exhibits a lower expression level of a protein sequence selected from 
the group consisting of SEQ ID NO: 4, SEQ ID NO: 5, SEQ ID NO: 6, SEQ ID NO: 7, 
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NO: 10, SEQ ID NO: 11, SEQ ID N^^4, SEQ ID NO: 15, SEQ 



SEQ ID NO: 8 : 



ID NO: 17, SEQ ID NO: 18, SEQ ID NO: 21, SEQ ID NO: 22, SEQ ID NO: 23, SEQ ID 
NO: 24, SEQ ID NO: 25, SEQ ID NO: 26, SEQ ID NO: 27, SEQ ID NO: 28, and SEQ ID 
NO: 29 relative to a cell from the organism that is not contacted with the candidate 
molecule. In some embodiments, step (b) comprises determining whether RNA 
expression is changed. In some embodiments, step (b) comprises determining whether 
protein expression is changed. In some embodiments, step (b) comprises determining 
whether RNA or protein expression of at least two of the open reading frames is changed. 
In some embodiments, step (a) comprises contacting the cell with the candidate molecule 
and step (a) is carried out in a liquid high throughput-like assay. 

In some embodiments, the cell comprises a promoter region of at least one gene 
selected from the group consisting of SEQ ID NO: 1, SEQ ID NO: 2, SEQ ID NO: 3, 
SEQ ID NO: 9, SEQ ID NO: 12, SEQ ID NO: 13, SEQ ID NO: 16, SEQ ID NO: 19, SEQ 
ID NO: 20, and homologs of each of the foregoing, each promoter region being operably 
linked to a marker gene. Further, step (b) comprises determining whether the RNA 
expression or protein expression of the marker gene(s) is changed in step (a) relative to 
the expression of the marker gene in the absence of the candidate molecule. Illustrative 
marker genes include, but are not limited to, green fluorescent protein, red fluorescent 
protein, blue fluorescent protein, luciferase, LEU2, LYS2, ADE2, TRP1, CAN1, CYH2, 
GUS, CUP1 and chloramphenicol acetyl transferase. 

Another aspect of the invention provides a method of identifying a molecule that 
specifically binds to a ligand selected from the group consisting of (i) a protein encoded 
by a gene selected from the group consisting of SEQ ID NO: 1, SEQ ID NO: 2, SEQ ID 
NO: 3, SEQ ID NO: 9, SEQ ID NO: 12, SEQ ID NO: 13, SEQ ID NO: 16, SEQ ID NO: 
19, SEQ ID NO: 20, and homologs of each of the foregoing, and (ii) a biologically active 
fragment of SEQ ID NO: 4, SEQ ID NO: 5, SEQ ID NO: 6, SEQ ID NO: 7, SEQ ID NO: 
8, SEQ ID NO: 10, SEQ ID NO: 11, SEQ ID NO: 14, SEQ ID NO: 15, SEQ ID NO: 17, 
SEQ ID NO: 18, SEQ ID NO: 21, SEQ ID NO: 22, SEQ ID NO: 23, SEQ ID NO: 24, 
SEQ ID NO: 25, SEQ ID NO: 26, SEQ ID NO: 27, SEQ ID NO: 28, and SEQ ID NO: 29. 
The method comprises the step of (a) contacting the ligand with one or more candidate 
molecules under conditions conducive to binding between the ligand and the candidate 
molecules. The method further comprises the step of (b) identifying a molecule within 
the one or more candidate molecules that binds to the ligand. 
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:t of the invention provides a purified protein comprising the amino 



Another 



acid sequence of SEQ ID NO: 8. Still another aspect of the invention provides a purified 
protein encoded by a nucleic acid hybridizable to a DNA having a sequence consisting of 
the coding region of SEQ ID NO: 2. Yet another aspect of the invention provides a 
purified protein comprising an amino acid sequence that has at least 90% identity to the 
amino acid sequence set forth in SEQ ID NO: 8, in which percentage identity is 
determined over an amino acid sequence of identical size as SEQ ID NO: 8. Still another 
aspect of the invention provides a purified protein comprising an amino acid sequence 
that has at least 95°/o identity to the amino acid sequence set forth in SEQ ID NO: 8, in 
which percentage identity is determined over an amino acid sequence of identical size as 
SEQ ID NO: 8. 

Another embodiment of the present invention provides an isolated nucleic acid 
comprising the nucleotide sequence of SEQ ID NO: 2, a coding region of SEQ ID NO: 2, 
SEQ ID NO: 3, a coding region of SEQ ID NO: 3, or the complement of any of the 
foregoing. In some embodiments, this nucleic acid is DNA. Another embodiment of the 
present invention provides an antibody that binds to a protein consisting of the amino acid 
sequence of SEQ ID NO: 8. This antibody may be monoclonal. Another embodiment of 
the present invention provides a molecule comprising a fragment of the antibody of claim 
258, which fragment binds a protein consisting of the amino acid sequence of SEQ ID 



preventing a body weight disorder. The method comprises administering to a subject in 
which treatment is desired a therapeutically effective amount of a molecule that inhibits a 
function of one or more of the group consisting of SEQ ID NO: 8, SEQ ID NO: 1 1, SEQ 
ID NO: 15, SEQ ID NO: 18, SEQ ID NO: 25, SEQ ID NO: 26, and SEQ ID NO: 27. In 
some embodiments, the subject is human. In some embodiments, the molecule that 
inhibits a function of one or more of the group consisting of SEQ ID NO: 8, SEQ ID NO: 
11, SEQ ID NO: 15, SEQ ID NO: 18, SEQ ID NO: 25, SEQ ID NO: 26, and SEQ ID NO: 
27 is selected from the group consisting of an antibody that binds to one of SEQ ID NO: 
8, SEQ ID NO: 11, SEQ ID NO: 15, SEQ ID NO: 18, SEQ ID NO: 25, SEQ ID NO: 26, 
and SEQ ID NO: 27 or a fragment or derivative therefore containing the binding region 
thereof, a nucleic acid complementary to the RNA produced by transcription of a gene 
encoding one of SEQ ID NO: 8, SEQ ID NO: 11, SEQ ID NO: 15, SEQ ID NO: 18, SEQ 
ID NO: 25, SEQ ID NO: 26, and SEQ ID NO: 27. In some embodiments, the molecule 



NO: 8. 



Another embodiment of the present invention provides a method of treating or 
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that inhibits a fun^Kn of one or more of the group consisting^TSEQ ID NO: 8, SEQ ID 
NO: 11, SEQ ID NO: 15, SEQ ID NO: 18, SEQ ID NO: 25, SEQ ID NO: 26, and SEQ ID 
NO: 27 is an oligonucleotide that (a) consists of at least six nucleotides; (b) comprises a 
sequence complementary to at least a portion of an RNA transcript of a gene encoding 
one of SEQ ID NO: 8, SEQ ID NO: 1 1, SEQ ED NO: 15, SEQ ID NO: 18, SEQ ID NO: 
25, SEQ ID NO: 26 or SEQ ID NO: 27; and (c) is hybridizable to the RNA transcript 
under moderately stringent conditions. 

Yet another aspect of the present invention provides a method of treating or 
preventing a body weight disorder. The method comprises administering to a subject in 
which treatment is desired a therapeutically effective amount of a molecule that enhances 
a function of one or more of the group consisting of SEQ ED NO: 8, SEQ ED NO: 11, 
SEQ ID NO: 15, SEQ ED NO: 18, SEQ ED NO: 25, SEQ ED NO: 26, and SEQ ED NO: 27. 
In some embodiments the subject is human. 

Still another aspect of the present invention provides a method of diagnosing a 
disease or disorder or the predisposition to the disease or disorder. The disease or 
disorder is characterized by an aberrant level of one of SEQ ED NO: 1 through SEQ ED 
NO: 29 in a subject. The method comprising measuring the level of any one of SEQ ED 
NO: 1 through SEQ ED NO: 29 in a sample derived from the subject, in which an increase 
or decrease in the level of one of SEQ ED NO: 1 through SEQ ED NO: 29 in the sample, 
relative to the level of one of the SEQ ED NO: 1 through SEQ ED NO: 29 found in an 
analogous sample not having the disease or disorder, indicates the present of the disease 
or disorder in the subject. In some embodiments the disease or disorder is a body weight 
disorder. In some embodiments, the body weight disorder is obesity, anorexia nervosa, 
bulimia nervosa, or cachexia. 

Another aspect of the present invention provides a method of diagnosing or 
screening for the presence of or predisposition for developing a disease or disorder 
involving a body weight disorder in a subject. The method comprises detecting one or 
more mutations in at least one of SEQ ED NO: 1 through SEQ ED NO: 29 in a sample 
derived from the subject, in which the presence of the one or more mutations indicates the 
presence of the disease or disorder or a predisposition for developing the disease or 
disorder. 

Still another aspect of the present invention provides a recombinant non-human 
animal that is the product of a process comprising introducing a nucleic acid encoding at 
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least a domain of^Pof SEQ ID NO: 8, SEQ ID NO: 15, SE^R NO: 18, SEQ ID NO: 

25, SEQ ID NO: 26, and SEQ ID NO: 27 into the recombinant non-human animal. 



3.5. USING CROSS SPECIES DATA TO ASSOCIATE GENES WITH TRAITS 

OF INTEREST 

One embodiment of the present invention provides a method for confirming the 
association of a query QTL or a query gene in the genome of a second species with a 
clinical trait T exhibited by the second species. The method comprises (a) finding a first 
QTL or a first gene in a first species that is linked to a trait T', wherein trait T' is 
indicative of trait T; (b) mapping a region of the genome of the first species that 
comprises the first QTL or the first gene to a region of the genome of the second species; 
and (c) finding a query QTL or a query gene in the second species that is potentially 
associated with the trait T, wherein the potential association of the query QTL or the 
query gene with the clinical trait T is confirmed when the query QTL or the query gene is 
in the region of the genome of the second species. 

In some embodiments, the finding step (a) comprises (i) crossing a first strain and 
a second strain of the first species in order to obtain a segregating population; (ii) 
stratifying the segregating population into a plurality of subpopulations, wherein a 
subpopulation in the plurality of subpopulations represents a phenotypic extreme of the 
trait T'; (iii) using cellular constituent measurements from organisms in the plurality of 
subpopulations to identify a cellular constituent set that exhibits a cellular constituent 
measurement pattern associated with the phenotypic extreme; (iv) clustering the 
segregating population based on measurements of the cellular constituent set in organisms 
in the segregating population to obtain a plurality of population clusters; and (v) for at 
least one population cluster in the plurality of population clusters, performing 
quantitative genetic analysis on the population cluster in order to find the first QTL or the 
first gene in the first species that is linked to the trait T'. 

3.6. USING CAUSALITY IN A FIRST SPECIES TO ASSOCIATE GENES OR 

LOCI WITH TRAITS OF INTEREST IN A SECOND SPECIES 

One aspect of the present invention provides a method of identifying a molecular 
target for a second trait in a second species. In the method a first gene in a segregating 
population that is causal for a first trait exhibited by all or a portion of the segregating 
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population is ide«d. Each member of the segregating poplEion is a member of a 
first species and the second trait in the second species corresponds to the first trait in the 
first species. The first gene in the first species is mapped to a corresponding locus in the 
genome of the second species. Next, a determination is made as to whether a marker or a 
haplotype in the corresponding locus in the genome of the second species associates with 
the second trait. Then the marker or the haplotype associates with the second trait in the 
second species, the locus is identified as the molecular target. 

In some embodiments, the marker or the haplotype is in a second gene in the 
corresponding locus and the second gene is identified as the molecular target. In some 
embodiments, the first gene and the second gene are orthologous. In some embodiment 
the first gene in the segregating population that is causal for the first trait exhibited by all 
or a portion of the segregating population is identified by a method that comprises: (a) 
identifying a test gene in the first species that has at least one abundance quantitative trait 
locus (eQTL) coincident with a respective clinical quantitative trait locus (cQTL) for the 
first trait; and (b) testing, for one or more respective eQTL in the at least one eQTL, 
whether (i) the genetic variation of the eQTL across the segregating population and (ii) 
the variation of the first trait across the segregating population are correlated conditional 
on an abundance pattern of the test gene across the segregating population. When the 
genetic variation of (1) one or more respective eQTL tested in step (b) and (2) the 
variation of the first trait across the segregating population are correlated conditional on 
an abundance pattern of the test gene across the segregating population, the test gene is 
identified as the first gene. In some embodiments, the second species is mammalian. In 
particular, in some embodiments, the second species is human. In some embodiments, 
the second trait is asthma, ataxia telangiectasia, bipolar disorder, cancer, common late- 
onset Alzheimer's disease, diabetes, heart disease, hereditary early-onset Alzheimer's 
disease, hereditary nonpolyposis colon cancer, hypertension, infection, maturity-onset 
diabetes of the young, mellitus, migraine, nonalcoholic fatty liver, nonalcoholic 
steatohepatitis, non-insulin-dependent diabetes mellitus, obesity, polycystic kidney 
disease, psoriases, schizophrenia, or xeroderma pigmentosum. In some embodiments, the 
molecular target is a gene, an exon, an intron, or a regulatory element of a gene. In some 
embodiments the marker is a single nucleotide polymorphism, a microsatellite marker, a 
restriction fragment length polymorphism, a short tandem repeat, a DNA methylation 
marker, a sequence length polymorphism, a random amplified polymorphic DNA, an 
amplified fragment length polymorphisms, or a simple sequence repeat. 
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Another aspect ^Phe present invention provides a method ofMentifying a 
molecular target for a second trait in a second species. In the method, a first gene in a 
segregating population that is causal for a first trait exhibited by all or a portion of the 
segregating population is identified. Here, each member of the segregating population is 
a member of a first species and the second trait in the second species corresponds to the 
first trait in the first species. A locus in the genome of the second species that is (1) 
linked to the second trait and (2) maps to the position in the genome of the first species 
where the first gene resides is identified. Finally, a determination is made as to whether a 
marker or a haplotype in the corresponding locus in the genome of the second species 
associates with the second trait. When the marker or the haplotype associates with the 
second trait in the second species, the locus is identified as the molecular target. In some 
embodiments, the marker or the haplotype is in a second gene in the corresponding locus 
and the second gene is identified as the molecular target. In some embodiments, the first 
gene and the second gene are orthologous. In some embodiments, the method of 
identifying the first gene in the segregating population that is causal for the first trait 
exhibited by all or a portion of the segregating population comprises: (a) identifying a test 
gene in the first species that has at least one abundance quantitative trait locus (eQTL) 
coincident with a respective clinical quantitative trait locus (cQTL) for the first trait; and 
(b) testing, for one or more respective eQTL in the at least one eQTL, whether (i) the 
genetic variation of the eQTL across the segregating population and (ii) the variation of 
the first trait across the segregating population are correlated conditional on an abundance 
pattern of the test gene across the segregating population. When the genetic variation of 
(1) the one or more respective eQTL tested in step (a) and (2) the variation of the first 
trait across the segregating population are correlated conditional on an abundance pattern 
of the test gene across the segregating population, the test gene is identified as the first 
gene. 

Another aspect of the invention provides a method of identifying a molecular 
target for a second trait in a second species. In the methods, a first gene in a segregating 
population that is causal for a first trait exhibited by all or a portion of the segregating 
population is identified. Here, each member of the segregating population is a member of 
a first species and the second trait in the second species corresponds to the first trait in the 
first species. A second gene in the genome of the second species that is orthologous to 
the first gene is identified such that the variation of the abundance of the second gene 
across biological samples taken from a plurality of members of the second species and (ii) 
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the variation of the^cond trait across the plurality of members of the second species are 
associated. This second gene is the sought after molecular target. In some embodiments, 
the method further comprises validating the second gene by deterrnining whether a 
marker or a haplotype in the second gene associates with the second trait. When the 
marker or the haplotype associates with the second trait in the second species, the second 
gene is validated. In some instances, the first gene in a segregating population that is 
causal for a first trait exhibited by all or a portion of the segregating population is 
identified by (a) finding a test gene in the first species that has at least one abundance 
quantitative trait locus (eQTL) coincident with a respective clinical quantitative trait locus 
(cQTL) for the first trait; and (b) testing, for one or more respective eQTL in the at least 
one eQTL, whether (i) the genetic variation of the eQTL across the segregating 
population and (ii) the variation of the first trait across the segregating population are 
correlated conditional on an abundance pattern of the test gene across the segregating 
population. When the genetic variation of (1) the one or more respective eQTL tested in 
step (b) and (2) the variation of the first trait across the segregating population are 
correlated conditional on an abundance pattern of the test gene across the segregating 
population, the test gene is identified as the first gene. 

Still another aspect of the present invention provides a computer system for 
identifying a molecular target for a second trait in a second species. The computer system 
comprises a central processing unit and a memory coupled to the central processing unit. 
The memory stores instructions for identifying a first gene in a segregating population 
that is causal for a first trait exhibited by all or a portion of the segregating population. 
Each member of the segregating population is a member of a first species and the second 
trait in the second species corresponds to the first trait in the first species. The memory 
further includes instructions for mapping the first gene in the first species to a 
corresponding locus in the genome of the second species. The memory further includes 
instructions for determining whether a marker or a haplotype in the corresponding locus 
in the genome of the second species associates with the second trait. 

Yet another aspect of the present invention provides a computer program product 
for use in conjunction with a computer system, the computer program product comprising 
a computer readable storage medium and a computer program mechanism embedded 
therein. The computer program mechanism comprises instructions for identifying a first 
gene in a segregating population that is causal for a first trait exhibited by all or a portion 
of the segregating population. Each member of the segregating population is a member 
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of a first species ^Rhe second trait in the second species corlefponds to the first trait in 
the first species. The computer program mechanism further includes instructions for 
mapping the first gene in the first species to a corresponding locus in the genome of the 
second species. The computer program mechanism also includes instructions or 
determining whether a marker or a haplotype in the corresponding locus in the genome of 
the second species associates with the second trait. 

Still another embodiment of the present invention provides a computer program 
product for use in conjunction with a computer system, the computer program product 
comprising a computer readable storage medium and a computer program mechanism 
embedded therein. The computer program mechanism comprises instructions for 
identifying a first gene in a segregating population that is causal for a first trait exhibited 
by all or a portion of the segregating population. Each member of the segregating 
population is a member of a first species and the second trait in the second species 
corresponds to the first trait in the first species. The computer program mechanism 
further includes instructions for identifying a locus in the genome of the second species 
that is (1) linked to the second trait and (2) maps to the position in the genome of the first 
species where the first gene resides. The computer program. mechanism further 
comprises instructions for determining whether a marker or a haplotype in the 
corresponding locus in the genome of the second species associates with the second trait. 
Yet another embodiment of the invention provides a computer system for identifying a 
molecular target for a second trait in a second species. The computer system comprises a 
central processing unit and a memory, coupled to the central processing unit. The 
memory stores instructions for identifying a first gene in a segregating population that is 
causal for a first trait exhibited by all or a portion of the segregating population. Each 
member of the segregating population is a member of a first species. Further, the second 
trait in the second species corresponds to the first trait in the first species. The memory 
further stores instructions for identifying a second gene in the genome of the second 
species that is orthologous to the first gene such that (i) the variation of the abundance of 
the second gene across biological samples taken from a plurality of members of the 
second species and (ii) the variation of the second trait across the plurality of members of 
the second species are associated. . 

Still another aspect of the invention provides a compute program product for use 
in conjunction with a computer system. The computer program product comprises a 
computer readable storage medium and a computer program mechanism embedded 
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therein. The co^Per program mechanism comprises instrJKns for identifying a first 
gene in a segregating population that is causal for a first trait exhibited by all or a portion 
of the segregating population. Each member of the segregating population is a member 
of a first species. The second trait in the second species corresponds to the first trait in 
the first species. The computer program mechanism further includes instructions for 
identifying a second gene in the genome of the second species that is orthologous to the 
first gene such that (i) the variation of the abundance of the second gene across biological 
samples taken from a plurality of members of the second species and (ii) the variation of 
the second trait across the plurality of members of the second species are associated. 



4. BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 illustrates a computer system for associating a gene with a trait exhibited by 
one or more organisms in a plurality of organisms in accordance with one embodiment of 
the present invention. 

Fig. 2 illustrates processing steps for associating a gene with a trait exhibited by 
one or more organisms in a plurality of organisms of a single species using a clustering 
approach, in accordance with an embodiment of the present invention. 

Fig. 3A illustrates an expression / genotype warehouse in accordance with one 
embodiment of the present invention. 

Fig. 3B illustrates a gene expression statistic found in an expression / genotype 
warehouse in accordance with one embodiment of the present invention. 

Fig. 3C illustrates an expression 7 genotype warehouse in accordance with another 
embodiment of the present invention. 

Fig. 4 illustrates quantitative trait locus results database in accordance with one 
embodiment of the present invention. 

Fig. 5 illustrates genetic crosses used to derive a mouse model for a complex 
human disease in accordance with one embodiment of the present invention. 

Fig. 6 provides a histogram for p-values of segregation analyses performed on 
2,726 genes across four CEPH families in accordance with one embodiment of the 
present invention. 
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identified for a 



diversity of transcript abundance polymorphisms in accordance with one embodiment of 
the present invention. 

Fig. 8 highlights a range of gene-centered polymorphisms known to exist between 
DBA and B6 mouse strains, in accordance with one embodiment of the present invention. 

Fig. 9 illustrates how quantitative trait loci analysis vising gene expression as a 
quantitative trait can detect a quantitative trait loci for a gene that has a higher copy 
number in one parent than the other, in accordance with one embodiment of the present 
invention. 

Fig. 10 illustrates how the use of expression data as a quantitative trait can detect 
differential splicing, in accordance with one embodiment of the present invention. 

Fig. 1 1 illustrates the pathways associated with nicotinate and nicotinamide 
metabolism in accordance with the prior art. 

Fig. 12 provides a key for important enzymes in the pathways associated with 
nicotinate and nicotinamide metabolism that are illustrated in Fig. 11. 

Fig. 13 illustrates how the use of expression data as a quantitative trait can detect 
nonsense mutations, in accordance with one embodiment of the present invention. 

Fig. 14 illustrates the results of a QTL analysis in a region of mouse chromosome 
11 for the phenotypic traits "free fatty acid" (curve 1402) and "triglyceride level" (curve 
1404), in accordance with one embodiment of the present invention. 

Fig. 15 illustrates expression QTL ("eQTL") from several genes that are known to 
be involved with glucose and lipid metabolism which overlap with the "free fatty acid" 
and "triglyceride level" clinical trait QTL ("cQTL") on chromosome 1 1, in accordance 
with one embodiment of the present invention. 

Fig. 16 shows a scatter plot that breaks down the mean log ratios for the mouse 
peroxisome proliferator activated receptor (PPAR) binding protein by mouse genotype at 
the chromosome 1 1 location across the F2 mouse population (120 F2 mouse livers) that 
was profiled in accordance with one embodiment of the present invention. 

Fig. 17 shows a scatter plot that breaks down the mean log ratios for the mouse 
PPAR binding protein by mouse genotype at the chromosome 15 location across the F2 
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mouse populati<^^20 F2 mouse livers) that was profiled accordance with one 
embodiment of the present invention. 



Fig. 18 is a plot that illustrates how genes known to be involved in lipid 
metabolism are linked by eQTL analysis to the same genetic locus, even though they 
physically reside at different unlinked locations. 

Fig. 19 illustrates processing steps for associating a gene G in the genome of a 
single species with a clinical trait T that is exhibited by one or more organisms in a 
plurality of organisms of the single species, in accordance with an embodiment of the 
present invention. 

Fig. 20 illustrates clinical quantitative trait loci (cQTL) for four mouse obesity- 
related traits that co-localize with the expression QTL (eQTL) for four genes at a QTL 
hot spot on mouse chromosome 2, in accordance with an embodiment of the present 
invention. 

Fig. 21 illustrates a plurality of phenotypic statistics sets, in accordance with an 
embodiment of the present invention. 

Fig. 22 illustrates computing modules in accordance with an embodiment of the 
present invention. 

Fig. 23 illustrates the hierarchical clustering of 123 genes that are linked to a 
particular chromosome 2 locus or are highly correlated with genes that are linked to this 
locus (x-axis), against the hierarchical clustering of F2 mice in the highest and lowest 
quartile for the phenotype "subcutaneous fat pad mass" (y-axis), in accordance with one 
embodiment of the present invention. 

Fig. 24 illustrates a hypothetical example in which a biological pathway that 
affects the complex trait obesity is deduced, in accordance with one embodiment of the 
present invention. 

Fig. 25 illustrates sequence-based processing steps for identifying an ortholog in a 
reference species to a gene associated with a complex trait in a target species in 
accordance with one embodiment of the present invention. 

Fig. 26 illustrates nonsequence-based processing steps for identifying an ortholog 
in a reference species to a gene associated with a complex trait in a target species in 
accordance with one embodiment of the present invention. 
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Fig. 27 illustrates the nucleotide sequence of the Mus musculus gene NM_025575 
(SEQ ID NO: 1), also known as the 2610042O14Rik gene. 

Fig. 28 illustrates the human mRNA that corresponds to the Mus musculus gene 
NM_025S75, a corrected form of AL591714.1 (SEQ ID NO: 2). 

^lustrates the portion of SEQ ID NO: 2 that codes for the human protein 
that corresponds to Mus musculus NP_079851 (SEQ ID NO: 3). 

Figs. 30A through 30D illustrate four Mas musculus amino acid sequences that 
correspond to the 2610042Ol4Rik gene, namely Q9CQK0 (SEQ ID NO: 4), Q9CYM5 
(SEQ ID NO: 5), Q9CYX5 (SEQ ID NO: 6), and Q9DAU8 (SEQ ID NO: 7). 

Fig. 31 illustrates the human amino acid sequence that corresponds to the 
corrected form of accession number AL491714 (Fig. 28) (SEQ ID NO: 8). 

Fig. 32 illustrates the nucleotide sequence for the Mus musculus gene NM_015731 
(SEQ ID NO: 9), which is also known as ATP9A. 

Fig. 33 illustrates the human relationships field of a LocusLink query of ATP9A, 
indicating a human chromosomal location of 20ql3.1 1-13.2 

Fig. 34 illustrates the nucleotide and protein sequence associated with human 
chromosome position 20ql3:l 1-13.2 

Fig. 35 illustrates the amino acid sequence of the Mus musculus protein 
NM_0 15731 (SEQ ID NO: 10) that corresponds to the Mus musculus gene NM_015731. 

Fig. 36 illustrates the human ortholog to the Mus musculus protein NM_015731, 
namely 075110 (SEQ ID NO: 1 1). 

Fig. 37 illustrates the inferred mRNA sequence for 075 110 (SEQ ID NO: 12). 

Fig. 38 illustrates the Mus musculus gene NM_025996 (SEQ ID NO: 13). 

Figs. 39A and 39B illustrate the LocusLink record for the Mus musculus gene 
NMJ325996 (SEQ ID NO: 13). 

Fig. 40 illustrates the mouse protein that corresponds to the Mus musculus gene 
NM_025996 (SEQ ID NO: 13), which is NP_080272 (SEQ ID NO: 14). 

Fig. 41 illustrates the human protein NP_006800 (SEQ ID NO: 15) which 
corresponds to the mouse protein NP_080272 (SEQ ID NO: 14). 
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Fig. 42 ili^Pites the human nucleotide sequence Nm|R6809.2 (SEQ ID NO: 

16) , which corresponds to the human protein NP_006800 (SEQ ID NO: 15). 

Fig. 43 illustrates the Mus musculus protein sequence TRQ9CYG7 (SEQ ID NO: 

17) which is a TrEMBL database entry which is nearly identical to the Mus musculus 
protein NP_080272 (SEQ ID NO: 14). 

Fig. 44 illustrates the human protein TR_Q15785 (SEQ ID NO: 18) which 
corresponds to the human nucleotide sequence NM_006809 (SEQ ID NO: 16). 

Fig. 45 illustrates the nucleotide sequence for the Mus musculus gene NM_009564 
(SEQ ID NO: 19). 

Fig. 46 illustrates the human nucleotide sequence NM__018197.1 (SEQ ID NO: 
20), which corresponds to the Mas musculus gene NM_009564 (SEQ ID NO: 19). 

Fig. 47 illustrates the Mus musculus amino acid sequence NP_033590 (SEQ ID 
NO: 21), which corresponds to the Mus musculus gene NM_009564 (SEQ ID NO: 19). 

Fig. 48 illustrates the Mus musculus TrEMBL database entry TRJP97365 (SEQ 
ID NO: 22), which corresponds to the Mus musculus gene NM__009564 (SEQ ID NO: 
19). 

Fig. 49 illustrates the Mus musculus TrEMBL database entry TRQ99KE8 (SEQ 
ID NO: 23), which corresponds to the Mus musculus gene NM_009564 (SEQ ID NO: 
19). 

Fig. 50 illustrates the Mus musculus TrEMBL database entry TR_Q9CWR3 (SEQ 
ID NO: 24), which corresponds to the Mus musculus gene NM_009564 (SEQ ID NO: 
19). 

Fig. 51 illustrates the human amino acid sequence NP_060667 (SEQ ID NO: 25) 
that corresponds to the human nucleotide sequence NM_018197 (SEQ ID NO: 20). 

Fig. 52 illustrates the TrEMBL database entry TR_Q9NPA5 (SEQ ID NO: 26) 
that also corresponds to the Mus musculus gene NM_009564 (SEQ ID NO: 19). 

Fig. 53 illustrates the TrEMBL database entry TR Q9NTS7 (SEQ ID NO: 27) 
that also corresponds to the Mus musculus gene NM_009564 (SEQ ID NO: 19). 

Fig. 54 illustrates an embodiment of a QTL analysis module in accordance with 
the present invention. 
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Fig, 55 ill! 



tes an experimental protocol in which 



exhibit polymorphic behavior with respect to a trait of interest are crossed to obtain an F2, 
back-cross or other such segregating population in order to generate a population where 



Fig. 56 illustrates an experimental protocol in which a segregating population is 
genotyped based upon a marker map, scored with respect to phenotypes associated with 
the trait of interest, and tissues relevant to the trait under study are isolated from samples 
of the segregating population for expression profiling, in accordance with some 
embodiments of the present invention. 

Fig. 57 illustrates the identification of those subgroups within a whole population 
that exhibit different trait subtypes, in accordance with one embodiment of the present 
invention. 

Fig. 58. illustrates the identification of subtypes within a population that are most 
extreme with respect to the trait under study using microarray expression data in 
accordance with one embodiment of the present invention. 

Fig. 59 is a depiction of a two-dimensional cluster of the most differentially 
expressed set of genes in mice comprising the upper and lower 25 th percentiles of the 
subcutaneous fat pad mass (FPM) trait in a segregating population, in accordance with 
one embodiment of the present invention. 

Figs. 60 and 61 illustrates that one subgroup of mice is not under the control of a 
particular QTL, but that another subgroup of mice is under the control of the QTL in a 
given segregating population. 

Fig. 62 illustrates a congenic strain that is constructed from two inbred strains, B6 
and CAST, where B6 serves as the background strain and CAST serves as the donor 
strain. 

Fig. 63 illustrates two hypothetical QTL that are linked to a human obesity-related 
risk trait. The hypothetical QTL are on human chromosome 8 and are mapped to a 
portion of mouse chromosome 13 using a syntenic map between human and mouse in 
accordance with one embodiment of the present invention. 

Fig. 64 lists four lod score curves for obesity-related traits in mouse. 



the trait of interest is segregating, in accordance with one embodiment of the present 
invention. 



34 



WO 2004/061616 PCT7US2003/041613 

Fig. 65 is an oWtty of two hypothetical human QTL and ^ro mouse QTL that 
shows that the peaks of the two hypothetical human QTL are aligned with the peaks of 
the two mouse QTL. 

Fig. 66 is an illustration showing that the chromosome 13 region in mouse is a 
5 hotspot activity for eQTL linkage with hundreds of eQTL linking to one of two BMI QTL 
peaks. 

Fig. 67 illustrates a method for directly validating genes identified in mice using 
association methods in human populations in accordance with one embodiment of the 
present invention. 

10 Fig. 68 plots the percentage of eQTL at different lod score thresholds across 920 

evenly-spaced bins, each 2cM wide, covering the mouse genome in a quantitative genetic 
analysis performed in accordance with one embodiment of the present invention. 

Fig. 69 illustrates a drug discovery paradigm in accordance with one embodiment 
of the present invention. 

15 Fig. 70 illustrates an in vivo RNAi strategy in accordance with one embodiment of 

the present invention. 

Fig. 71 illustrates processing steps for subdividing a disease population P into n 
subgroups in accordance with a preferred embodiment of the present invention. 

Fig. 72 illustrates a data structure that comprises that data used to identify cellular 
10 constituents that discriminate a trait under study. 

Fig. 73 illustrates the classification of a trait of interests into subtraits in 
accordance with one embodiment of the present invention. 

Fig. 74 illustrates a topology for how causal genes affect pathways that affect a 
primary disease which, in turn, affects reactive genes. 

15 Fig. 75 A illustrates possible relationships between quantitative trait loci (QTL), 

geaes and disease traits once the expression of the gene (G) and the disease trait (T) have 
been shown to be under the control of a common QTL (Q). 

Fig. 75B illustrates obese and lean animals segregating with the genotypes given 
at the locus, with up arrows indicating up regulation of the gene, horizontal arrows 
0 insbcafmg no differential regulation, and down arrows indicating down regulation. 
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Fig. 75^Wustrates an analysis of the observed conation structure between the 
locus, gene expression trait, and obesity trait of Fig. 3B under a causal model. 

Fie. 75P !1 iustrates an analysis of the observed correlation structure between the 
locus, gene expression trait, and obesity trait of Fig. 3B under a reactive model. 

5 Fig. 75E illustrates an analysis of the observed correlation structure between the 

locus, gene expression trait, and obesity trait of Fig. 3B under an independent model. 

Fig. 76 illustrates the genomic positions of the cQTL that are linked to the trait 
omental fat pad masses (OFPM) as well as the eQTL that are linked to expression of the 
gene HSD1 in a segregating mouse population. 

10 Fi S« 77 illustrates a potential relationship between a specific QTL (which controls 

for both the trait OFPM and HSD1 expression), HSD1, and OFPM. 

Fig. 78 illustrates LOD score curves for HSD1 expression, the trait OFPM, the 
simultaneous consideration of HSD1 expression and the trait OFPM, as well as OFPM 
after conditioning on HSD1 expression. 

15 Fig. 79 illustrates processing steps for identifying a gene that affects a trait in 

accordance with one embodiment of the present invention. 

Fig. 80 illustrates the data structure for phenotypic statistic sets in accordance with 
one embodiment of the present invention. 

Fig. 81 illustrates a data structure for storing cellular constituent abundance data 
20 in accordance with one embodiment of the present invention. 

Fig. 82 illustrates the data structure for a cellular constituent expression statistic in 
accordance with one embodiment of the present invention. 

Fig. 83 illustrates a data structure for storing cellular constituent abundance data 
from a plurality of different tissue types in accordance with one embodiment of the 
25 present invention. 



plasma insulin levels, plasma leptin levels, and epididymal fat mass) located on murine 
30 chromosome 13. 



Fig. 84 illustrates a QTL results database in accordance with the present invention 

Figs. 85A-85E illustrates several possible genetic relationships. 

Figs. 86A-86D depict cQTL for several clinical traits in the BXD cross (HDL, 



36 



WO 2004/061616 PCT/US2003/041613 

Fig. 87 highligW a subset of the genes whose expression m^he liver of F2 
animals derived from a cross of C57BL/6J of DBA/2J mice are controlled by the 
chromosome 13 cQTL given in Figure 86. 

Fig. 88 is the human amino acid sequence of the cholecystokinin type A receptor 
(CCKAR) SEQ ID NO: 30. 

Fig. 89 highlights a lod score curve on human chromosome 4 for percent body fat 
in females in an Icelandic population. 

Fig. 90 highlights two related human haplotypes that are strongly associated with 
percent body fat in females of an Icelandic population. 

Fig. 91 illustrates a set of haplotypes identified in the CCKAR gene that are 
significantly associated with thinness in an Icelandic population. 

Like reference numerals refer to corresponding parts throughout the several views 
of the drawings. 



5. DETAILED DESCRIPTION 

The present invention provides an apparatus and method for associating a gene 
with a trait exhibited by one or more organisms in a plurality of organisms of a single first 
species. In some embodiments, experimental data is used from a single second species. 
Exemplary single first species and single second species include, but are not limited to, 
plants and animals. In typical embodiments, the single first species and the single second 
species are different species. In specific embodiments, the exemplary single first species 
and the single second species are each drawn from a fist of species that includes, but is 
not hmited to plants such as corn, beans, rice, tobacco, potatoes, tomatoes, cucumbers, 
apple trees, orange trees, cabbage, lettuce, and wheat. In specific embodiments, 
exemplary organisms include, but are not limited to animals such as mammals, primates, 
humans, mice, rats, dogs, cats, chickens, horses, cows, pigs, and monkeys. In yet other 
specific embodiments, the single first species and/or the single second species are each 
selected from the group consisting of Drosophila, yeast, viruses, and Caenorhabditis 
elegans (C. elegans). 

In some instances, the gene is associated with the trait by identifying a biological 
pathway in which the gene product participates. In some embodiments of the present 
invention, the trait of interest is a complex trait such as a human disease. Exemplary 
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icer, asthma, 



schizophrenia, arthritis, multiple sclerosis, and rheumatosis. In some embodiments, the 
trait of interest is a preclinical indicator of disease, such as, but not limited to, high blood 
pressure, abnormal triglyceride levels, abnormal cholesterol levels, or abnormal high- 
density lipoprotein / low-density lipoprotein levels. In a specific embodiment of the 
present invention, the trait is low resistance to an infection by a particular insect or 
pathogen. Additional exemplary diseases are found in Section 5. 12, infra. In the 
invention, the expression level measurement of each gene in each of a plurality of 
organisms is transformed into a corresponding expression statistic. An "expression level 
measurement" of a gene can be, for example, a measurement of the level of its encoded 
RNA (or cDNA) or proteins or activity levels of encoded proteins. In some 
embodiments, this transformation is a normalization routine in which raw gene expression 
data is normalized to yield a mean log ratio, a log intensity, and a background-corrected 
intensity. Further, a genetic marker map 78 (Fig. 1) is constructed from a set of genetic 
markers associated with the plurality of organisms. Then, for each gene G in a plurality 
of genes expressed by an organism in the population, a quantitative trait locus (QTL) 
analysis is performed using the genetic marker map in order to produce QTL data. A set 
of expression statistics represents the quantitative trait used in each QTL analysis. QTL 
analyses are explained in greater details infra, in conjunction with Fig. 2, element 210. 
This set of expression statistics, for any given gene G, comprises an expression statistic 
for gene G, for each organism in the plurality of organisms. Next, the QTL data obtained 
from each QTL analysis is clustered to form a QTL interaction map. Identification of 
tightly clustered QTLs in the QTL interaction map helps to identify genes that are 
genetically interacting. This information, in turn, helps to elucidate biological pathways 
that are affected by complex traits, such as human disease. In some embodiments of the 
present invention, tightly clustered QTLs in the QTL interaction map are considered 
candidate pathway groups. These candidate pathway groups are subjected to multivariate 
analysis in order to verify whether the genes in the candidate pathway group affect a 
particular complex trait. 

One embodiment of the present invention provides a method for associating a 
gene with a trait exhibited by one or more organisms in a plurality of organisms of a 
single species. In the method, quantitative trait locus data from a plurality of quantitative 
trait locus analyses are clustered to form a quantitative trait locus interaction map. Each 
quantitative trait locus analysis in the plurality of quantitative trait locus analyses are 
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performed for a gene a plurality of genes in the genome of ^^lurality of organisms 
using a genetic marker map and a quantitative trait in order to produce the quantitative 
trait locus data. For each quantitative trait locus analysis, the quantitative trait comprises 
an expression statistic for the gene G for which the quantitative trait locus analysis has 
been performed, for each organism in the plurality of organisms. The genetic marker map 
is constructed from a set of genetic markers associated with the plurality of organisms. 
Further, in the method, the quantitative trait locus interaction map is analyzed to identify 
a gene associated with a trait, thereby associating the gene with the trait exhibited by one 
or more organisms in the plurality of organisms. 



5.1. OVERVIEW OF THE INVENTION 

Fig. 1 illustrates a system 10 that is operated in accordance with one embodiment 
of the present invention. In addition, Fig. 2 illustrates the processing steps that are 
performed in accordance with one embodiment of the present invention. These figures 
will be referenced in this section in order to disclose the advantages and features of the 
present invention. System 10 comprises at least one computer 20 (Fig. 1). Computer 20 . 
comprises standard components including a central processing unit 22, memory 24 
(including high speed random access memory as well as non-volatile storage, such as disk, 
storage) for storing program modules and data structures, user input/output device 26, a 
network interface 28 for coupling server 20 to other computers via a communication 
network (not shown), and one or more busses 34 that interconnect these components. 
User input/output device 26 comprises one or more user input/output components such as 
a mouse 36, display 38, and keyboard 8. 

Memory 24 comprises a number of modules and data structures that are used in 
accordance with the present invention. It will be appreciated that, at any one time during 
operation of the system, a portion of the modules and/or data structures stored in memory 
24 is stored in random access memory while another portion of the modules and/or data 
structures is stored in non-volatile storage, in a typical embodiment, memory 24 
comprises an operating system 40. Operating system 40 comprises procedures for 
handling various basic system services and for performing hardware dependent tasks. 
Memory 24 further comprises a file system 42 for file management. In some 
embodiments, file system 42 is a component of operating system 40. 
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44 (e.g., from a gene 



The pi 



ivention begins with gene expression 



expression study or a proteomics study) and a genotype and/or pedigree data 68 from an 
experimental cross or human cohort under study (Fig. 1; Fig. 2, step 202). In one 



each individual (organism) 46 in a population under study. In some embodiments, such 
data comprises, for each individual 46, intensity information 50 for each gene 48 
represented on the array, background signal information 52, and associated annotation 
information 54 describing the gene probe (Fig. 1). In some embodiments, gene 
expression data is, in fact, protein levels for various proteins in the organisms 46 under 
study. In one aspect of the present invention, the expression level of a gene in an 
organism in the population of interest is determined by measuring an amount of at least 
one cellular constituent that corresponds to the gene in one or more cells of the organism. 
As used herein, the term "cellular constituent" comprises individual genes, proteins, 
mRNA expressing a gene, and/or any other variable cellular component or protein 
activity, degree of protein modification (e.g., phosphorylation), for example, that is 
typically measured in a biological experiment by those skilled in the art. Although for 
simplicity the disclosure often makes reference to single cells, it will be understood by 
those of skill in the art that more often any particular step of the invention will be carried 
out using a plurality of genetically similar cells, e.g., from a cultured cell line. Such 
similar cells are referred to herein as a "cell type." In one embodiment, the amount of the 
at least one cellular constituent that is measured comprises abundances of at least one 
RNA species present in one or more cells. Such abundances may be measured by a 
method comprising contacting a gene transcript array with RNA from one or more cells 
of the organism, or with cDNA derived therefrom. A gene transcript array comprises a 
surface with attached nucleic acids or nucleic acid mimics. The nucleic acids or nucleic 
acid mimics are capable of hybridizing with the RNA species or with cDNA derived from 
the RNA species. In some embodiments, gene expression data 44 is taken from tissues 
that have been associated with the complex trait under study. For example, in one 
nonlimiting embodiment where the complex trait under study is human obesity, gene 
expression data is taken from the liver, brain, or adipose tissues. 

In some embodiments of the present invention, gene expression / cellular 
constituent data 44 is measured from multiple tissues of each organism 46 (Fig. 1) under 
study. For example, in some embodiments, gene expression / cellular constituent data 44 
is collected from one or more tissues selected from the group of liver, brain, heart, 



embodiment, gene expression data 44 consists of the processed microarray images for 
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skeletal muscle, whiteWpose from one or more locations, and blood. In such 
embodiments, the data is stored in an exemplary data structure such as that disclosed in 
Fig. 3C. This data structure is described in more detail below. 

Genotype and/or pedigree data 68 (Fig. 1) comprise the actual alleles for each 
genetic marker typed in each individual under study, in addition to the relationships 
between these individuals. The extent of the relationships between the individuals under 
study may be as simple as an F2 population or as complicated as extended human family 
pedigrees. Exemplary sources of genotype and pedigree data are described in Section 6.1, 
infra. In some embodiments of the present invention, pedigree data is optional. 

Marker data 70 at regular intervals across the genome under study or in gene 
regions of interest is used to monitor segregation or detect associations in a population of 
interest. Marker data 70 comprises those markers that will be used in the population 
under study to assess genotypes. In one embodiment, marker data 70 comprises the 
names of the markers, the type of markers the physical and genetic location of the 
markers in the genomic sequence. Exemplary types of markers include, but are not 
limited to, restriction fragment length polymorphisms "KFLPs", random amplified 
polymorphic DNA "RAPDs", amplified fragment length polymorphisms "AFLPs", 
simple sequence repeats "SSRs", single nucleotide polymorphisms "SNPs", 
microsatellites, etc.). Further, in some embodiments, marker data 70 comprises the 
different alleles associated with each marker. For example, a particular microsatellite 
marker consisting of 'CA' repeats may have represented ten different alleles in the 
population under study, with each of the ten different alleles in rum consisting of some 
number of repeats. Representative marker data 70 in accordance with one embodiment of 
the present invention is found in Section 5.2, infra. In one embodiment of the present 
invention, the genetic markers used comprise single nucleotide polymorphisms (SNPs), 
microsatellite markers, restriction fragment length polymorphisms, short tandem repeats, 
DNA methylation markers, and / or sequence length polymorphisms. 

Once starting data are assembled, the first step (Fig. 2, step 204) is to transform 
gene expression data 44 into expression statistics that are used to treat each cellular 
constituent abundance in gene expression data 44 as a quantitative trait. In some 
embodiments, gene expression data 44 (Fig. 1) comprises gene expression data for a 
p 1t 23firy of genes or cellular constituents that correspond to the plurality of genes, hi one 
embodiment, the plurality of genes comprises at least five genes. In another embodiment, 
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the plurality of genes^mnprises at least one hundred genes, at least one thousand genes, 
at least twenty thousand genes, or more than thirty thousand genes. The expression 
statistics commonly used as quantitative traits in the analyses in one embodiment of the 
present invention include, but are not limited to the mean log ratio, log intensity, and 
background-corrected intensity. In other embodiments, other types of expression 
statistics are used as quantitative traits, m one embodiment, this transformation (Fig. 2, 
step 204) is performed using normalization module 72 (Fig. 1). In such embodiments, the 
expression level of a plurality of genes in each organism under study are normalized. 
Any normalization routine may be used by normalization module 72. Representative 
normalization routines include, but are not limited to, Z-score of intensity, median 
intensity, log median intensity, Z-score standard deviation log of intensity, Z-score mean 
absolute deviation of log intensity calibration DNA gene set, user normalization gene set, 
ratio median intensity correction, and intensity background correction. Furthermore, 
combinations of normalization routines may be run. Exemplary normalization routines in 
accordance with the present invention are disclosed in more detail in Section 5.3, infra. 
The expression statistics formed from the transformation are then stored in Expression / • 
genotype warehouse 76, where they are ultimately matched with the corresponding 
genotype information. 

In addition to the generation of expression statistics from gene expression data 44, 
a genetic marker map 78 is generated from genetic markers 70 (Fig. 1; Fig. 2, step 206). 
In one embodiment of the present invention, a genetic marker map is created using 
marker map construction module 74 (Fig. 1). Further, in one embodiment, genotype 
probability distributions for the individuals under study are computed. Genotype 
probability distributions take into account information such as marker information of 
parents, known genetic distances between markers, and estimated genetic distances 
between the markers. Computation of genotype probability distributions generally 
requires pedigree data. In some embodiments of the present invention, pedigree data is 
not provided and genotype probability distributions are not computed. 

Once the expression data has been transformed into corresponding expression 
statistics and genetic marker map 78 has been constructed, the data is transformed into a 
structure mat associates all marker, genotype and expression data for input into QTL 
analysis software. This structure is stored in expression / genotype warehouse 76 (Fig. 1; 
Fig. 2, step 208). 
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A quanti^P: trait locus (QTL) analysis is performeOTEng data corresponding to 
each gene in a plurality of genes as a quantitative trait (Fig. 2, step 210). For 20,000 
genes, this results in 20,000 separate QTL analyses. For embodiments in which multiple 
tissues samples are collected for each organism, this results in even more separate QTL 
analysis. For example, in embodiments in which samples are collected from two different 
tissues, an analysis of 20,000 genes requires 40,000 separate QTL analyses. In one 
embodiment, each QTL analysis is performed by genetic analysis module 80 (Fig. 1). In 
one example, each QTL analysis steps through each chromosome in the genome of the 
organism of interest. Linkages to the gene under consideration are tested at each step or 
location along the length of the chromosome. In such embodiments, each step or location 
along the length of the chromosome is at regularly defined intervals. In some 
embodiments, these regularly defined intervals are defined in Morgans or, more typically, 
centiMorgans (cM). A Morgan is a unit that expresses the genetic distance between 
markers on a chromosome. A Morgan is defined as the distance on a chromosome in 
which one recombinational event is expected to occur per gamete per generation. In 
some embodiments, each regularly defined interval is less than 100 cM. In other 
embodiments, each regularly defined interval is less than 10 cM, less than 5 cM, or less 
than 2.5 cM. 

In each QTL analysis, data corresponding to a gene selected from a plurality of 
genes under study is used as a quantitative trait. More specifically, for any given gene, 
the quantitative trait used in the QTL analysis is an expression statistic set such as set 304 
(Fig. 3A). Expression statistic set 304 comprises the corresponding expression statistic 
308 for the gene 302 from each organism 306 in the population under study. Fig. 3B 
illustrates an exemplary expression statistic set 304 in accordance with one embodiment 
of the present invention. Exemplary expression statistic set 304 includes the expression 
level 308 of a gene G (or cellular constituent mat corresponds to gene G) from each 
organism in a plurality of organisms. For example, consider the case where there are ten 
organisms in the plurality of organisms, and each of the ten organisms expresses gene G. 
In this case, expression statistic set 304 includes ten entries, each entry corresponding to a 
different one of the ten organisms in the plurality of organisms. Further, each entry 
represents the expression level of gene Gin the organism represented by the entry. So, 
entry "1" (308-G-l) corresponds to the expression level of gene G in organism 1, entry 
"2" (308-G-2) corresponds to the expression level of gene G in organism 2, and so forth. 
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ig. 3C, in some embodiments of the p] 



invention, expression 



data from multiple tissue samples of each organism 306 (Fig. 1, 46) under study are 
collected. When this is the case, the data can be stored in the exemplary data structure 
illustrated in Fig. 3C. In Fig. 3C, a plurality of genes 302 are represented. Further, there 
is an expression statistic set 304 for each gene 302. Each expression statistic set 304 
represents the expression level (308) of the gene or an abundance of a cellular constituent 
(308) that corresponds to the gene in each of a plurality of organisms 306 (Fig. 1, 46). In 
one example, a cellular constituent is a particular protein and the cellular constituent 
corresponds to a gene when the gene codes for the cellular constituent. 

In one embodiment of the present invention, each QTL analysis (Fig. 2, step 210) 
comprises: (i) testing for linkage between a position in a chromosome and the quantitative 
trait used in the quantitative trait locus (QTL) analysis, (ii) advancing the position in the 
chromosome by an amount, and (hi) repeating steps (i) and (ii) until all or a portion of the 
genome has been tested. In typical embodiments, the quantitative trait is the expression 
statistic set 304, such as the set illustrated in Fig. 3B. In some embodiments, testing for 
linkage between a given position in the chromosome and the expression statistic set 304 
comprises correlating differences in the expression levels found in the expression level 
statistic with differences in the genotype at the given position using single marker tests 
(for example using Mests, analysis of variance, or simple linear regression statistics). 
See, e.g., Statistical Methods, Snedecor and Cochran, 1985, Iowa State University Press, 
Ames, Iowa. However, there are many other methods for testing for linkage between 
expression statistic set 304 and a given position in the chromosome. In particular, if 
expression statistic set 304 is treated as the phenotype (in this case, a quantitative 
phenotype), then methods such as those disclosed in Doerge, 2002, Mapping and analysis 
of quantitative trait loci in experimental populations, Nature Reviews: Genetics 3:43-62, 
may be used. Concerning steps (i) through (iii) above, if the genetic length of a given 
chromosome is N cM and 1 cM steps are used, then N different tests for linkage are 
performed on the given chromosome. For organisms having multiple chromosomes, this 
process is repeated for each chromosome in the genome. 

In some embodiments, the QTL data produced from each respective QTL analysis 
comprises a logarithm of the odds score (lod) computed at each position tested in the 
genome under study. A lod score is a statistical estimate of whether two loci are likely to 
lie near each other on a chromosome and are therefore likely to be genetically linked. In 
the present case, a lod score is a statistical estimate of whether a given position in the 
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scores are further defined in Section 5.4, infra. Generally, a lod score of three or more 
suggests that two loci are genetically linked, a lod score of 4 or more is strong evidence 
that two loci are genetically linked, and a lod score of 5 or more is very strong evidence 
that two loci are genetically linked. However, the significance of any given lod score 
actually varies from species to species depending on the model used. The generation of 
lod scores requires pedigree data. Accordingly, in embodiments in which a lod score is 
generated, processing step 210 is essentially a linkage analysis, as described in Section 
5,13, with the exception that the quantitative trait under study is derived from data, such 
as cellular constituent expression statistics, rather than classical phenotypes such as eye 
color. 

In situations where pedigree data is not available, genotype data from each of the 
organisms 46 (Fig. 1) for each marker in genetic marker map 78 may be compared to 
each quantitative trait (expression statistic set 304) using allelic association analysis, as 
described in Section 5.14, infra, in order to identify QTL that are linked to each 
expression statistic set 304. In one form of association analysis, an affected population is 
compared to a control population. In particular, haplotype or allelic frequencies in the 
affected population are compared to haplotype or allelic frequencies in a control 
population in order to determine whether particular haplotypes or alleles occur at 
significantly higher frequency amongst affected compared with control samples. 
Statistical tests such as a chi-square test are used to determine whether there are 
differences in allele or genotype distributions. 

Regardless of whether linkage analysis or association analysis is used in step 210, 
the results of each QTL analysis are stored in QTL results database 82 (Fig. 1; Fig. 2, step 
212). For each quantitative trait 84 (expression statistic set 304), QTL results database 82 
comprises all positions 86 in the genome of the organism that were tested for linkage to 
the quantitative trait 84. Positions 86 are obtained from genetic marker map 70. Further, 
for each position 86, genotype data 68 provides the genotype at position 86, for each 
organism in the plurality of organisms under study. For each such position 86 analyzed 
by QTL analysis, a statistical measure (e.g., statistical score 88), such as the maximum 
lod score between the position and the quantitative trait 84, is listed. There is a lod score 
for the entire population tested as well as individual lod scores for each of the individuals 
under study. Thus, data structure 82 comprises all the positions in the genome of the 
organism of interest that are genetically linked to each quantitative trait 84 tested. 
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Fig. 4 pWides a more detailed illustration of QTL results database 82. Each 
statistical score 88 (e.g. lod score) measures the degree to which a given position 86 is 
linked to the corresponding quantitative trait 84 (e.g., expression statistic set 304). The 
set of statistical scores 88 for any given quantitative trait 84 may be considered (may be 
5 viewed as) a QTL vector. Thus, in some embodiments of the present invention, a QTL 
vector is created for each gene tested in the chromosome of the organism studied. Each 
element of the QTL vector is a statistical score (e.g., lod score) at a different position in 
the genome of the species under study. In some embodiments in which gene expression / 
cellular constituent data 44 is collected from multiple tissue samples in each organism 

10 under study, a separate QTL vector is created for each tissue type from which data 44 was 
collected. For example, consider the case in which data 44 (Fig. 1) is collected from two 
different tissues types from each organism 46 under study, lii such embodiments, two 
QTL vectors are created for each cellular constituent (e.g., gene, protein) 48 tested. The 
first QTL vector for a given gene / cellular constituent 48 corresponds to one tissue type 

1 5 sample and the second QTL vector for the given gene / cellular constituent 48 

corresponds to the second tissue type sampled. Thus, in effect, in some embodiments in 
which data from multiple tissues is collected, the data from each tissue type is treated for 
purposes of processing steps 202 through 220 as if the data were collected from 
independent organism. However, in step 222, the data from multiple tissues types is 
20 optionally compared in order to determine the affect that tissue type has on the linkage 
analysis. Methods that incorporated data from multiple tissues types are described in 
more detail in conjunction with step 222 below as well as Section 5.6, below. 

In some embodiments, a QTL vector is created for each gene tested in the entire 
genome of the organism studied. The QTL vector comprises the statistical score at each 

25 position tested by the quantitative trait locus (QTL) analysis corresponding to the gene. 
In addition to QTL vectors, gene expression vectors may be constructed from transformed 
gene expression data 44. Each gene expression vector represents the transformed 
expression level of the gene from each organism in the population of interest. Thus, any 
given gene expression vector comprises the transformed expression level of the gene from 

30 a plurality of different organisms in the population of interest. 

With the QTL vectors generated, the next step of the present invention involves 
the generation of QTL interaction maps from the QTL vectors (Fig. 2, step 214). To 
generate QTL interaction maps, the QTL vectors are clustered into groups of QTLs based 
on the strength of interaction between the QTL vectors. In some embodiments of the 
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present inventiol^TL interaction maps are generated by clustering module 92. In 
embodiments in which QTL vectors generated from several different tissue types, the 
QTL vectors from the various tissue types are clustered since gene expression in one 
tissue may drive expression in another tissue. In some requirements, QTL representing 
diverse tissues types are clustered. In one embodiment of the present invention, 
agglomerative hierarchical clustering is applied to the QTL vectors. In this clustering, 
similarity is determined using Pearson correlation coefficients between the QTL vectors 
pairs. In other embodiments, the clustering of the QTL data from each QTL analysis 
comprises application of a hierarchical clustering technique, application of a k-means 
technique, application of a fuzzy k-means technique, application of Jarvis-Patrick 
clustering technique, application of a self-organizing map or application of a neural 
network. In some embodiments, the hierarchical clustering technique is an agglomerative 
clustering procedure. In other embodiments, the agglomerative clustering procedure is a 
nearest-neighbor algorithm, a farthest-neighbor algorithm, an average linkage algorithm, 
a centroid algorithm, or a sum-of-squares algorithm. In still other embodiments, the 
hierarchical clustering technique is a divisive clustering procedure. Illustrative clustering 
techniques that may be used to cluster QTL vectors are described in Section 5.5, infra. 

Since each QTL corresponds to a given gene in a plurality of genes in the 
population of interest, QTL interaction maps provide information on which QTLs are 
linked. Such information may be combined with gene expression data to help elucidate 
biological pathways that affect complex traits. In one embodiment of the present 
invention, a gene expression cluster map is constructed from gene expression statistics 
(Fig. 2, step 216). A plurality of gene expression vectors are created. Each gene 
expression vector in the plurality of gene expression vectors represents the expression 
level, activity, or degree of modification of a particular cellular constituent, such as a 
gene or gene product, in a plurality of cellular constituents in the population of interest. 
Then, a plurality of correlation coefficients is computed. Each correlation coefficient in 
the plurality of correlation coefficients is computed between a gene expression vector pah- 
is the plurality of gene expression vectors. Then, the plurality of gene expression vectors 
are clustered based on the plurality of correlation coefficients in order to form the gene 
expression cluster map. in one embodiment of the present invention, each correlation 
coefficient in the plurality of correlation coefficients is a Pearson correlation coefficient. 
In another embodiment of the present invention, clustering of the plurality of gene 
expression vectors comprises application of a hierarchical clustering technique, 
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application of a^Keans technique, application of a fuzzy i^means technique, application 
of a self-organizing map or application of a neural network. In one embodiment of the 
present invention, the hierarchical clustering technique is an agglomerative clustering 
procedure such as a nearest-neighbor algorithm, a farthest-neighbor algorithm, an average 
linkage algorithm, a centroid algorithm, or a sum of squares algorithm. In another 
embodiment of the invention, the hierarchical clustering technique is a divisive clustering 
procedure. Illustrative clustering techniques that may be used to cluster the gene 
expression vectors are described in Section 5.5, infra. 

At this stage, the QTL interaction map provides information on individual genes 
in gene expression clusters found in gene expression cluster maps. Gene expression 
clusters found in gene expression cluster maps may be considered to be in the same 
candidate pathway group. QTL interactions can be used to identify those genes that are 
"closer" together in a candidate pathway group man other genes. Furthermore, genes in 
gene expression clusters found in a gene expression map that are not at all genetically 
interacting may be down-weighted with respect to those genes that are genetically 
interacting. In this way, QTL interaction maps help to refine candidate pathway groups 
that are identified in gene expression cluster maps. However, the QTL interaction map 
does not provide the actual topology of the pathway. An illustrative topology of a 
biological pathway may be, for example, that gene A is upstream of gene B. Another 
drawback of the QTL interaction map is that the map may include false positives. For 
example, a cluster within the QTL interaction map may include genes that do not interact 
genetically. To shed light on the topology of biological pathways associated with 
complex diseases, as well as to eliminate false positive genes, processing steps 216 
through 222 are performed, as described in detail below. 

In one embodiment of the present invention, the next step involves mapping all 
probes used to generate gene expression data 44 (Fig. 1) to their respective genomic and 
genetic coordinates. This information aids in establishing the potential for a given gene 
to correspond directly to a particular QTL (z.e., that a gene actually was the QTL). 

In one embodiment of the present invention, clusters of QTL interactions from the 
QTL interaction.maps and clusters of gene expression interactions from the gene 
expression cluster maps are represented in cluster database 94 (Fig. 1; Fig. 2, step 218). 
Cluster database 94 is used to identify the patterns that feed a multivariate QTL analyses. 
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In addition to tfl^TL and gene expression cluster informaSi, the physical locations of 
the QTLs and genes are represented in cluster database 94. 

In some embodiments of the present invention, a gene is identified in the QTL 
interaction map by filtering the QTL interaction map in order to obtain a candidate 
pathway group. In one embodiment, this filtering comprises selecting those QTL for the 
candidate pathway group that interact most strongly with another QTL in the QTL 
interaction map. In some embodiments, the QTL that interact most strongly with another 
QTL in the QTL interaction map are all QTL, represented in the QTL interaction map, 
that share a correlation coefficient with another QTL in the QTL interaction map that is 
higher than 75%, 85%, or 95% of all correlation coefficients computed between QTLs in 
the QTL interaction map. 

ha one embodiment of the present invention, cluster database 94 is used to 
associate a gene with a trait. Typically, the trait of interest is a complex trait. 
Representative traits include, but are not limited to, disease status, tumor stage, 
triglyceride levels, blood pressure, and/or diagnostic test results. In this embodiment, the 
QTL interaction map and/or data stored in cluster database 94 is filtered in order to obtain 
a candidate pathway group (Fig. 2, step 220). This filtering comprises identifying a QTL 
in the candidate pathway group in the gene expression cluster map. In one example in 
accordance with this embodiment of the present invention, the QTL interaction map is 
filtered by identifying groups of QTL within the QTL interaction map that interact closely 
with one another. The genes associated with each QTL in the groups of QTL that interact 
closely with one another in a QTL interaction map are considered candidate pathway 
groups. In some embodiments, the filtering further comprises looking up the genes in 
each of the candidate pathway groups in the gene expression interaction map. Of interest 
is whether the genes in the candidate pathway groups identified in the QTL interaction 
map interact closely with each other in the gene expression interaction map. In some 
embodiments, the topology of pathway groups (e.g., biological pathways) can be 
determined by identifying genes that colocalize with one of their QTL, as described in 
Section 6.7.1, infra. 

In general, patterns of interest may be identified by querying cluster database 94. 
Such groups may be identified by filtering on strength of QTL-QTL interactions, which 
identifies those genes that are most strongly genetically interacting, and then combining 
this information with genes that are the most tightly clustered within these groups. The 
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size of these groups iKsily adjusted by scaling the threshold parameters used to identify 
QTL and/or genes that are interacting. Such groups could themselves be considered 
putative pathway groups. However, another approach is to fit the groups to genetic 
models in order to test whether the genes are actually part of the same pathway. 

In one embodiment in accordance with the present invention, the degree to which 
each QTL making up a candidate pathway group belongs with other QTLs within the 
candidate pathway group is tested by fitting a multivariate statistical model to the 
candidate pathway group (Fig. 2; step 222). Multivariate statistical models have the 
capability of simultaneously considering multiple quantitative traits, modeling epistatic 
interactions between the QTL and testing other interesting variations that test whether 
genes in a candidate pathway group belong to the same or related biological pathway. 
Specific tests can be done to determine if the traits under consideration are actually 
controlled by the same QTL (pleiotropic effects) or if they are independent. 

Importantly, multivariate statistical analysis can be used to simultaneously 
consider multiple traits at the same time. This is of use to determine whether the traits are 
genetically linked to each other. Accordingly, in such embodiments, a cluster of QTL 
found in the QTL interaction map produced in step 214 and verified using the gene 
expression cluster map produced in step 216 can be subjected to multivariate statistical 
anaiysis in order to determine whether the QTL are all genetically linked. Such an 
analysis may determine that some of the QTL in the cluster found in the QTL interaction 
map are, in fact, linked whereas other QTL in the cluster are not linked. 

Multivariate statistical analysis can also be used to study the same trait from 
multiple tissues. Multivariate statistical analysis of the same trait from multiple tissues 
can be used to determine whether genetic linkage varies on a tissue specific basis. Such 
techniques are of use, for example, in instances where a complex disease has a tissue 
specific etiology. In some instance, multivariate analysis can be used to simultaneously 
consider multiple traits from multiple tissues. Exemplary multivariate statistical models 
that may be used in accordance with the present invention are found in Section 5.6, infra. 

The results of the multivariate QTL analysis are used to 'Validate" the candidate 
pathway groups. These validated groups are then represented in a database and made 
available for the final stage of analysis, which involves reconstructing the pathway. At 
this stage the database comprises genes that are under some kind of common genetic 
control, interact to some degree at the expression level, and that have been shown to be 
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strongly enough i^Rcting at these different levels to perhapstelong to the same or 
related pathways. Thus, in some instance, the association of a gene with a trait exhibited 
by one or more organisms in a population of interest results in the placement of the gene 
in a pathway-group that comprises genes that are part of the same or related pathway. 

The final step involves an attempt to partially reconstruct the pathways within a 
given pathway group. For each candidate pathway group, the interactions between the 
representative QTL vectors and gene expression vectors can be examined. Furthermore, 
QTL and probe location information can be used to begin to piece together causal 
pathways. In addition, graphical models can be fit to the data using the interaction 
strengths, QTL overlap and physical location information accumulated from the previous 
steps to weight and direct the edges that link genes in a candidate pathway group. 
Application of such graphical models is used to determine which genes are more closely 
linked in a candidate pathway group and therefore suggests models for constraining the 
topology of the pathway. Thus, such models test whether it is more likely that the 
candidate pathway proceeds in a particular direction, given the evidence provided by the 
interactions, QTL overlaps, and physical QTL/probe location. The end result of this 
process, after starting with expression data, genotype data, marker data, and clinical trait 
data, is a set of pathway groups consisting of genes that are supported as being part of the 
same or related pathway, and causal information that indicates the exact relationship of 
genes in the pathway (or of a partial set of genes in the pathway). 



5.2. SOURCES OF MARKER DATA 

Several forms of genetic markers that are used to construct marker map 78 are 
known in the art. A common genetic marker is single nucleotide polymorphisms (SNPs). 
SNPs occur approximately once every 600 base pairs in the genome. See, for example, 
Kruglyak and Nickerson, 2001, Nature Genetics 27, 235. The present invention 
contemplates the use of genotypic databases such as SNP databases as a source of genetic 
markers. Alleles making up blocks of such SNPs in close physical proximity are often 
correlated, resulting in reduced genetic variability and defining a limited number of 
"SNP haplotypes" each of which reflects descent from a single ancient ancestral 
chromosome. See Fullerton et al, 2000, Am. J. Hum. Genet. 67, 881. Such haplotype 
structure is useful in selecting appropriate genetic variants for analysis. Paul et al. found 
that a very dense set of SNPs is required to capture all the common haplotype 



51 



WO 2004/061616 PCT/US2003/041613 
information. Onc^Rnmon haplotype information is availab^ff can be used to identify 
much smaller subsets of SNPs useful for comprehensive whole-genome studies. See Patil 
etal, 2001, Science 294, 1719-1723. 

Other suitable sources of genetic markers include databases that have various 
types of gene expression data from platform types such as spotted microarray 
(microarray), high-density oligonucleotide array (HDA), hybridization filter (filter) and 
serial analysis of gene expression (SAGE) data. Another example of a genetic database 
that can be used is a DNA methylation database. For details on a representative DNA 
methylation database, see Grunau et aL 9 in press, MethDB- a public database for DNA 
methylation data, Nucleic Acids Research; or the URL: 
http://genome.imb-jena.de/public.html. 

In one embodiment of the present invention, a set of genetic markers is derived 
from any type of genetic database that tracks variations in the genome of an organism of 
interest. Information that is typically represented in such databases is a collection of 
locus within the genome of the organism of interest. For each locus, strains for which 
genetic variation information is available are represented. For each represented strain, 
variation information is provided. Variation information is any type of genetic variation 
information. Representative genetic variation information includes, but is not limited to, . 
single nucleotide polymorphisms, restriction fragment length polymorphisms, 
microsatellite markers, restriction fragment length polymorphisms, and short tandem 
repeats. Therefore, suitable genotypic databases include, but are not limited to: 



Genetic variation type Uniform resource location 



SNP 

SNP 
SNP 
SNP 
SNP 

Microsatellite markers 

Restriction fragment 
length polymorphisms 

Short tandem repeats 

Sequence length 



http://bioinfo.pal.roche.com/^^ 
n/msnp/msnp.pl 

http://snp.cshl.org/ 

http://www.ibc.wustl.edu/SNP/ 

http ://www-genome. wi.mit.edu/SNP/mouse/ 

http://www.ncbi.nlm.nih.gov/SNP/ 

http://www.mformatics.jax.org/searches/polymorpMs 
form.shtml 

http ://www.info^ 
form.shtml 

http://wvm.cidr.jhmi.edu/mouse/mmset.html 
http://mcbio.med.buffalo.edii/mit.html 
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10 



15 



20 



25 



Genetic variatio^^e Uniform resource location 



PCT/US2003/041613 



polymorphisms 



DNA methylation http://genome.imb-jena.de/public.html 
database 

Short tandem-repeat Broman et aL, 1998, Comprehensive human genetic 
polymorphisms maps: Individual and sex-specific variation in 

recombination, American Journal of Human Genetics 

63, 861-869 

Microsatellite markers Kong et aL, 2002, A high-resolution recombination map 
of the human genome, Nat Genet 3 1 , 24 1 -247 

In addition, the genetic variations used by the methods of the present invention 
may involve differences in the expression levels of genes rather than actual identified 
variations in the composition of the genome of the organism of interest. Therefore, 
genotypic databases within the scope of the present invention include a wide array of 
expression profile databases such as the one found at the URL: 
http://www.ncbi.nlm.nih.gov/geo/. 

Another form of genetic marker that may be used to construct marker map 78 is 
restriction fragment length polymorphisms (RFLPs). RFLPs are the product of allelic 
differences between DNA restriction fragments caused by nucleotide sequence 
variability. As is well known to those of skill in the art, RFLPs are typically detected by 
extraction of genomic DNA and digestion wilh a restriction endonuclease. Generally, the 
resulting fragments are separated according to size and hybridized with a probe; single 
copy probes are preferred. As a result, restriction fragments from homologous 
chromosomes are revealed. Differences in fragment size among alleles represent an 
RFLP (see, for example, Helentjaris et aL, 1985, Plant Mol. Bio. 5:109-1 18, and U.S. Pat. 
No. 5,324,63 1). Another form of genetic marker that may be used to construct marker 
map 78 is random amplified polymorphic DNA (RAPD). The phrase "random amplified 
polymorphic DNA" or «RAPD» refers to the amplification product of the distance 
between DNA sequences homologous to a single oligonucleotide primer appearing on 
different sites on opposite strands of DNA. Mutations or rearrangements at or between 
binding sites will result in polymorphisms as detected by the presence or absence of 
amplification product (see, for example, Welsh and McClelland, 1990, Nucleic Acids 
Res. 18:7213-7218; Hu and Quiros, 1991, Plant Cell Rep. 10:505-51 1 ). Yet another 
fcnn of genetic marker map that may be used to construct marker map 78 is amplified 
fragment length polymorphisms (AFLP). AFLP technology refers to a process that is 
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designed to generateTarge numbers of randomly distributed molecular markers (see, for 
example, European Patent Application No. 0534858 Al). Still another form of genetic 
marker map mat may be used to construct marker map 78 is "simple sequence repeats" or 
"SSRs". SSRs are di-, tri- or tetra-nucleotide tandem repeats within a genome. The 
repeat region may vary in length between genotypes while the DNA flanking the repeat is 
conserved such that the same primers will work in a plurality of genotypes. A 
polymorphism between two genotypes represents repeats of different lengths between the 
two flanking conserved DNA sequences (see, for example, Akagi et al., 1996, Theor. 
Appl. Genet. 93, 1071-1077; Bligh et al, 1995, Euphytica 86:83-85; Struss et al, 1998, 
Theor. Appl. Genet. 97, 308-315; Wu et al, 1993, Mol. Gen. Genet. 241, 225-235; and 
U.S. Pat. No. 5,075,217). SSR are also known as satellites or microsatellites. 

As described above, many genetic markers suitable for use with the present 
invention are publicly available. Those skilled in the art can also readily prepare suitable 
markers. For molecular marker methods, see generally, The DNA Revolution by Andrew 
H. Paterson 1996 (Chapter 2) in: Genome Mapping in Plants (ed. Andrew H. Paterson) by 
Academic Press/R. G. Landis Company, Austin, Tex., 7-21. 



5.3. EXEMPLARY NORMALIZATION ROUTINES 

A number of different normalization protocols may be used by normalization 
module 72 to normalize gene expression data 44. Some such normalization protocols are 
described in this section. Typically, the normalization comprises normalizing the 
expression level measurement of each gene in a plurality of genes that is expressed by an 
organism in a population of interest. Many of the normalization protocols described in 
this section are used to normalize microarray data. It will be appreciated that there are 
many other suitable normalization protocols that may be used in accordance with the 
present invention. All such protocols are within the scope of the present invention. Many 
of the normalization protocols found in this section are found in publicly available 
software, such as Microarray Explorer (Image Processing Section, Laboratory of 
Experimental and Computational Biology, National Cancer Institute, Frederick, MD 
21702, USA). 

One normalization protocol is Z-score of intensity. In this protocol, raw 
expression intensities are normalized by the (mean intensity)/(standard deviation) of raw 
intensities for all spots in a sample. For microarray data, the Z-score of intensity method 
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normalizes each hyWlized sample by the mean and standard d^ation of the raw 
intensities for all of the spots in that sample. The mean intensity mnlj and the standard 
deviation sdlj are computed for the raw intensity of control genes. It is useful for 
standardizing the mean (to 0.0) and the range of data between hybridized samples to 
about -3.0 to +3.0. When using the Z-score, the Z differences (Z diff ) are computed rather 
than ratios. The Z-score intensity (Z-scorey) for intensity Iy for probe i (hybridization 
probe, protein, or other binding entity) and spot j is computed as: 

Z-scorey = (Iy - mnlO / sdlj, 

and 

Zdiffj(x,y) = Z-score X j - Z-score^ 

where 

x represents the x channel and y represents the y channel. 

Another normalization protocol is the median intensity normalization protocol in 
which the raw intensities for all spots in each sample are normalized by the median of the 
raw intensities. For microarray data, the median intensity normalization method 
normalizes each hybridized sample by the median of the raw intensities of control genes 
(medianli) for all of the spots in that sample. Thus, upon normalization by the median 
intensity normalization method, the raw intensity Iy for probe i and spot j, has the value 
liny where, 

^ij = (V medianli). 
Another normalization protocol is the log median intensity protocol, in this 
protocol, raw expression intensities are normalized by the log of the median scaled raw 
intensities of representative spots for all spots in the sample. For microarray data, the log 
median intensity method normalizes each hybridized sample by the log of median scaled 
raw intensities of control genes (median^) for all of the spots in that sample. As used 
herein, control genes are a set of genes that have reproducible accurately measured 
expression values. The value 1.0 is added to the intensity value to avoid taking the 
log(0.0) when intensity has zero value. Upon normalization by the median intensity 
normalization method, the raw intensity Iy for probe i and spot j, has the value hny where, 

hny = log(1.0 + (Iy/ medianlj)). 
Yet another normalization protocol is the Z-score standard deviation log of 
intensity protocol. In this protocol, raw expression intensities are normalized by the mean 
log intensity (mnLIj) and standard deviation log intensity (sdLI f ). For microarray data, the 
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mean log intens^nd the standard deviation log intensity is computed for the log of raw 
intensity of control genes. Then, the Z-score intensity ZlogSy for probe i and spot j is: 

ZlogSij = (log(Ii,) - mnLIiysdLIi. 
Still another normalization protocol is the Z-score mean absolute deviation of log 
5 intensity protocol. In this protocol, raw expression intensities are normalized by the Z- 
score of the log intensity using the equation (log(intensity)-mean logarithm) / standard 
deviation logarithm. For microarray data, the Z-score mean absolute deviation of log 
intensity protocol normalizes each bound sample by the mean and mean absolute 
deviation of the logs of the raw intensities for all of the spots in the sample. The mean 
10 log intensity mnLIj and the mean absolute deviation log intensity madLIj are computed 
for the log of 

raw intensity of control genes. Then, the Z-score intensity ZlogAy for probe i and spot j 

IS. 

ZlogAij = (log(Iy) - mnLIO/madLIi. 

1 5 Another normalization protocol is the user normalization gene set protocol. In 

this protocol, raw expression intensities are normalized by the sum of the genes in a user 
defined gene set in each sample. This method is useful if a subset of genes has been 
determined to have relatively constant expression across a set of samples. Yet another 
normalization protocol is the calibration DNA gene set protocol in which each sample is 

20 normalized by the sum of calibration DNA genes. As used herein, calibration DNA genes 
are genes that produce reproducible expression values that are accurately measured. Such 
genes tend to have the same expression values on each of several different microarrays. 
The algorithm is the same as user normalization gene set protocol described above, but 
the set is predefined as the genes flagged as calibration DNA. 

Yet another normalization protocol is the ratio median intensity correction 
protocol. This protocol is useful in embodiments in which a two-color fluorescence 
labeling and detection scheme is used, (see Section 5.8.1.5.). In the case where the two 
fluors in a two-color fluorescence labeling and detection scheme are Cy3 and Cy5, 
measurements are normalized by multiplying the ratio (Cy3/Cy5) by 
medianCy5/medianCy3 intensities. If background correction is enabled, measurements 
are normalized by multiplying the ratio (Cy3/Cy5) by (medianCy5-medianBkgdCy5) / 
(medianCy3-medianBkgdCy3) where medianBkgd means median background levels. 
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In some enroDdiments, intensity background correction is used to normalize 
measurements. The background intensity data from a spot quantification programs may 
be used to correct spot intensity. Background may be specified as either a global value or 
on a per-spot basis. If the array images have low background, then intensity background 
correction may not be necessary. 



5.4, LOGARITHM OF THE ODDS SCORES 

Denoting the joint probability of inheriting all genotypes P(g), and the joint 
probability of all observed data x (trait and marker species) conditional on genotypes 
P(x | g\ the likelihood L for a set of data is 

L=ZP(g)P(xjg) 

where the summation is over all the possible joint genotypes g (trait and marker) for all 
pedigree members. What is unknown in this likelihood is the recombination fraction 0, 
on which P(g) depends. 

The recombination fraction 6 is the probability that two loci will recombine during 
meioses. The recombination fraction 6 is correlated with the distance between two loci. 
By definition, the genetic distance is defined to be infinity between the loci on different 
chromosomes (nonsyntenic loci), and for such unlinked loci, 0 = 0.5. For linked loci on 
the same chromosome (syntenic loci), 0 < 0.5, and the genetic distance is a monotonic 
function of 0. See, e.g., Ott, 1985, Analysis of Human Genetic Linkage, first edition, 
Baltimore, MD, John Hopkins University Press. The essence of linkage analysis 
described in Section 5.13, is to estimate the recombination fraction 0 and to test whether 
0=0.5. When the position of one locus in the genome is known, genetic linkage can be 
exploited to obtain an estimate of the chromosomal position of a second locus relative to 
the first locus. In linkage analysis described in Section 5.2, linkage analysis is used to 
map the unknown location of genes predisposing to various quantitative phenotypes 
relative to a large number of marker loci in a genetic map. In the ideal situation, where 
recombinant and nonrecombinant meioses can be counted unambiguously, 6 is estimated 
by the frequency of recombinant meioses in a large sample of meioses. If two loci are 
linked, then the number of nonrecombinant meioses Wis expected to be larger than the 
number of recombinant meioses R. The recombination fraction between the new locus 
and each marker can be estimated as: 
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N + R 



The likelihood of interest is: 

and inferences are based about a test recombination fraction 6 on the likelihood ratio A = 
L(0)/ L(l/2) or, equivalently, its logarithm. 

Thus, in a typical clinical genetics study, the likelihood of the trait and a single 
marker is computed over one or more relevant pedigrees. This likelihood function L{&) is 
a function of the recombination fraction 0 between the trait (e.g., classical trait or 
quantitative trait) and the marker locus. The standardized loglikelihood Z(0) = 
logio[£(0)/Z,(l/2)] is referred to as a lod score. Here, "lod" is an abbreviation for 
"logarithm of the odds." A lod score permits visualization of linkage evidence. As a rule 
of thumb, in human studies, geneticists provisionally accept linkage if 

Z(Q) > 3 

at its maximum 6 on the interval [0,1/2], where 0 represents the maximum 6 on the 
interval. Further, linkage is provisionally rejected at a particular 6 if 

Z(B) £-2. 

However, for complex traits, other rules have been suggested. See, for example, Lander 
and Kruglyak, 1995, Nature Genetics 1 1, p. 241. 

Acceptance and rejection are treated asymmetrically because, with 22 pairs of 
human autosomes, it is unlikely that a random marker even falls on the same chromosome 
as a trait locus. See Lange, 1997, Mathematical and Statistical Methods for Genetic 
Analysis, Springer-Verlag, New York; Olson, 1999, Tutorial in Biostatistics: Genetic 
Mapping of Complex Traits, Statistics in Medicine 18, 2961-2981. 

When the value of L is large, the null hypothesis of no linkage, L(l/2), to a 
marker locus of known location can be rejected, and the relative location of the locus 
corresponding to the quantitative trait can be estimated by 0 . Therefore, lod scores 
provide a method to calculate linkage distances as well as to estimate the probability that 
two genes (and/or QTLs) are linked. 
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Those of Win the art will appreciate that lod scoreSiputation is species 
dependent. For example, methods for computing the lod score in mouse different from 
that described in this section. However, methods for computing lod scores are known in 
the art and the method described in this section is only by way of illustration and not by 
limitation. 



5.5. CLUSTERING TECHNIQUES 

The subsections below describe exemplary methods for clustering. Such 
techniques can be used to cluster QTL vectors in order to form QTL interaction maps. 
The same techniques can be applied to gene expression vectors in order to form gene 
expression cluster maps. Further, these techniques can be used to perform unsupervised 
or supervised classification in accordance with processing step 106 and/or step 108 (Fig. 
2). In these techniques, QTL vectors, gene expression vectors, or sets of cellular 
constituent measurements from different organisms in a population are clustered based on 
the strength of interaction between the data (e.g. , QTL vectors, gene expression vectors, 
or sets of cellular constituents). More information on clustering techniques can be found 
in Kaufman and Rousseeuw, 1990, Finding Groups in Data : An Introduction to Cluster 
Analysis, Wiley, New York, NY; Everitt, 1993, Cluster analysis (3d ed.), Wiley, New 
York, NY; Backer, 1995, Computer-Assisted Reasoning in Cluster Analysis, Prentice 
Hall, Upper Saddle River, New Jersey; and Duda et ah, 200 1 , Pattern Classification, 
John Wiley & Sons, New York, NY. 



5.5.1. HIERARCHICAL CLUSTERING TECHNIQUES 

Hierarchical cluster analysis is a statistical method for finding relatively 
homogenous clusters of elements based on measured characteristics. Consider a sequence 
of partitions of n samples into c clusters. The first of these is a partition into n clusters, 
each cluster containing exactly one sample. The next is a partition into n-1 clusters, the 
next is a partition into n-2, and so on until the n\ in which all the samples form one 
cluster. Level k in the sequence of partitions occurs when c = n - k + 1 . Thus, level one 
corresponds to n clusters and level n corresponds to one cluster. Given any two samples 
x and x*, at some level they will be grouped together in the same cluster. If the sequence 
has *he property that whenever two samples are in the same cluster at level k they remain 
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together at all higWlevels, then the sequence is said to be a iSarchical clustering. 
Duda et al., 2001, Pattern Classification, John Wiley & Sons, New York, 2001: 551. 



5.5.1.1. AGGLOMERATIVE CLUSTERING 

In some embodiments, the hierarchical clustering technique used to cluster gene 
analysis vectors is an agglomerative clustering procedure. Agglomerative (bottom-up 
clustering) procedures start with n singleton clusters and form a sequence of partitions by 
successively merging clusters. The major steps in agglomerative clustering are contained 
in the following procedure, where c is the desired number of final clusters, D t and Dj are 
clusters, x { is a gene analysis vector, and there are n such vectors: 

1 begin initialize c, 6 <-«, D, <-{ Xi }, i = I, n 

2 do t <r- 6 -1 

3 find nearest clusters, say, £>, and Dj 

4 merge D t and Dj 

5 until c = c 

6 return c clusters 

7 end 

In this algorithm, the terminology a <-b assigns to variable a the new value b. As 
described, the procedure terminates when the specified number of clusters has been 
obtained and returns the clusters as a set of points. A key point in this algorithm is how to 
measure the distance between two clusters D t and Dj. The method used to define the 
distance between clusters D t and Dj defines the type of agglomerative clustering 
technique used. Representative techniques include the nearest-neighbor algorithm, 
farthest-neighbor algorithm, the average linkage algorithm, the centroid algorithm, and 
the sum-of-squares algorithm. 

Nearest-neighbor algorithm. The nearest-neighbor algorithm uses the following 
equation to measure the distances between clusters: 



dmm(Di,Dj) = min|x - 



This algorithm is also known as the minimum algorithm. Furthermore, if the 
algorithm is terminated when the distance between nearest clusters exceeds an arbitrary 
threshold, it is called the single-linkage algorithm. Consider the case in which the data 
points are nodes of a graph, with edges forming a path between the nodes in the same 
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subset A. When ^m() is used to measure the distance betweiKubsets, the nearest 
neighbor nodes determine the nearest subsets. The merging of A and Dj corresponds to 
adding an edge between the nearest pair of nodes in D, and Dj. Because edges linking 
clusters always go between distinct clusters, the resulting graph never has any closed 
loops or circuits; in the terminology of graph theory, this procedure generates a tree. If it 
is allowed to continue until all of the subsets are linked, the result is a spanning tree. A 
spanning tree is a tree with a path from any node to any other node. Moreover, it can be 
shown that the sum of the edge lengths of the resulting tree will not exceed the sum of the 
edge lengths for any other spanning tree for that set of samples. Thus, with the use of 
dminQ as the distance measure, the agglomerative clustering procedure becomes an 
algorithm for generating a minimal spanning tree. See Duda et ah, id, pp. 553-554. 

Farthest-neighbor algorithm. The farthest-neighbor algorithm uses the following 
equation to measure the distances between clusters: 

d mnx(Di,Dj) = maxlbc - x'l 

xsDi " 11 
x'eDJ 

This algorithm is also known as the maximum algorithm. If the clustering is terminated 
when the distance between the nearest clusters exceeds an arbitrary threshold, it is called 
the complete-linkage algorithm. The farthest-neighbor algorithm discourages the growth 
of elongated clusters. Application of this procedure can be thought of as producing a 
graph in which the edges connect all of the nodes in a cluster. In the terminology of 
graph theory, every cluster contains a complete subgraph. The distance between two 
clusters is terminated by the most distant nodes in the two clusters. When the nearest 
clusters are merged, the graph is changed by adding edges between every pair of nodes in 
the two clusters. 

Average linkage algorithm. Another agglomerative clustering technique is the 
average linkage algorithm. The average linkage algorithm uses the following equation to 
measure the distances between clusters: 

n,n J xeDlx'eDj 

Hierarchical cluster analysis begins by making a pair-wise comparison of all gene 
analysis vectors in a set of such vectors. After evaluating similarities from all pairs of 
elements in the set, a distance matrix is constructed. In the distance matrix, a pair of 
vectors with the shortest distance (i.e. most similar values) is selected. Then, when the 
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average linkage^prithm is used, a "node" ("cluster") is cdRicted by averaging the 
two vectors. The similarity matrix is updated with the new "node" ("cluster") replacing 
the two joined elements, and the process is repeated n-1 times until only a single element 
remains. Consider six elements, A-F having the values: 

A{4.9}, B{8.2}, C{3.0}, D{5.2}, E{8.3}, F{2.3}. 

In the first partition, using the average linkage algorithm, one matrix (sol. 1) that could be 
computed is: 

(sol. 1) A {4.9},B-E{8.25}, C{3.0}, D{5.2}, F{2.3}. 

Alternatively, the first partition using the average linkage algorithm could yield the 
matrix: 

(sol. 2) A{4.9},C{3.0},D{5.2},E-B{8.25},F{2.3}. 

Assuming that solution 1 was identified in the first partition, the second partition 
using the average linkage algorithm will yield: 

(sol. 1-1) . A-D{5.05},B-E{8.25},C{3.0},F{2.3> 

or 

(sol. 1-2) B-E{8.25>, C{3.0}, D-A{5.05}, F{2.3}. 

Assuming that solution 2 was identified in the first partition, the second partition 
of the average linkage algorithm will yield: 

(sol. 2-1) A-D{5.05>, C{3.0}, E-B{8.25}, F{2.3} 

or 

(sol. 2-2) C{3.0}, D-A{5.05}, E-B{8.25}, F{2.3}. 

Thus, after just two partitions in the average linkage algorithm, there are already four 
matrices. See Duda et al., Pattern Classification, John Wiley. & Sons, New York, 2001, p. 
551. 



5.5.1.2. CLUSTERING WITH PEARSON CORRELATION COEFFICIENTS 

In one embodiment of the present invention, QTL vectors and/or gene expression 
vectors are clustered using agglomerative hierarchical clustering with Pearson correlation 
coefficients. In this form of clustering, similarity is determined using Pearson correlation 
coefficients between the QTL vectors pairs, gene expression pairs, or sets of cellular 
constituent measurements. Other metrics that can be used, in addition to the Pearson 
. correlation coefficient, include but are not limited to, a Euclidean distance, a squared 
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Euclidean distancWEuclidean sum of squares, a ManhattanWtric, and a squared 
Pearson correlation coefficient. Such metrics may be computed using SAS (Statistics 
Analysis Systems Institute, Cary, North Carolina) or S-Plus (Statistical Sciences, Inc., 
Seattle, Washington). 



5.5.1.3. DIVISIVE CLUSTERING 

In some embodiments, the hierarchical clustering technique used to cluster QTL 
vectors and/or gene expression vectors is a divisive clustering procedure. Divisive (top- 
down clustering) procedures start with all of the samples in one cluster and form the 
sequence by successfully splitting clusters. Divisive clustering techniques are classified 
as either a polythetic or a monthetic method. A polythetic approach divides clusters into 
arbitrary subsets. 



5.5.2. K-MEANS CLUSTERING 

In k-means clustering, sets of QTL vectors, gene expression vectors, or sets of 
cellular constituent measurements are randomly assigned to K user specified clusters. 
The centroid of each cluster is computed by averaging the value of the vectors in each 
cluster. Then, for each i= 1, N, the distance between vector x { and each of the cluster 
centroids is computed. Each vector Xj is then reassigned to the cluster with the closest 
centroid. Next, the centroid of each affected cluster is recalculated. The process iterates 
until no more reassignments are made. See Duda et al, 2001, Pattern Classification, 
John Wiley & Sons, New York, NY, pp. 526-528. A related approach is the fuzzy k- 
means clustering algorithm, which is also known as the fuzzy c-means algorithm. In the 
fuzzy k-means clustering algorithm, the assumption that every QTL vector, gene 
expression vector, or set of cellular constituent measurements is in exactly one cluster at 
any given time is relaxed so that every vector (or set) has some graded or "fuzzy" 
membership in a cluster. See Duda et al, 2001, Pattern Classification, John Wiley & 
Sons, New York, NY, pp. 528-530. 

5.5.3. JARVIS-PATRICK CLUSTERING 

Jarvis-Patrick clustering is a nearest-neighbor non-hierarchical clustering method 
in which a set of objects is partitioned into clusters on the basis of the number of shared 
nearest-neighbors. In the standard implementation advocated by Jarvis and Patrick,1973, 

63 



WO 2004/061616 PCT/US2003/041613 
IEEE Trans. <^jut., C-22: 1025- 1034, a preprocessing staff identifies the K 
nearest-neighbors of each object in the dataset. Li the subsequent clustering stage, two 
objects i and j join the same cluster if (i) i is one of the K nearest-neighbors of j, (ii) j i s 
one of the K nearest-neighbors of i, and (iii) i and j have at least k™ of their K 
nearest-neighbors in common, where K and are user-defined parameters. The 
method has been widely applied to clustering chemical structures on the basis of fragment 
descriptors and has the advantage of being much less computationally demanding than 
hierarchical methods, and thus more suitable for large databases. Jarvis-Patrick clustering 
may be performed using the Jarvis-Patrick Clustering Package 3.0 (Barnard Chemical 
Information, Ltd., Sheffield, United Kingdom). 



5.5.4. NEURAL NETWORKS 

A neural network has a layered structure that includes a layer of input units (and 
the bias) connected by a layer of weights to a layer of output units. In multilayer neural 
networks, there are input units, hidden units, and output units. In fact, any function from 
input to output can be implemented as a three-layer network. In such networks, the 
weights are set based on training patterns and the desired output. One method for 
supervised training of multilayer neural networks is back-propagation. Back-propagation 
allows for the calculation of an effective error for each hidden unit, and thus derivation of 
a learning rule for the input-to-hidden weights of the neural network. 

The basic approach to the use of neural networks is to start with an untrained 
network, present a training pattern to the input layer, and pass signals through the net and 
determine the output at the output layer. These outputs are then compared to the target 
values; any difference corresponds to an error. This error or criterion function is some 
scalar function of the weights and is rmnirnized when the network outputs match the 
desired outputs. Thus, the weights are adjusted to reduce this measure of error. Three 
commonly used training protocols are stochastic, batch, and on-line. In stochastic 
training, patterns are chosen randomly from the training set and the network weights are 
updated for each pattern presentation. Multilayer nonlinear networks trained by gradient 
descent methods such as stochastic back-propagation perform a maximum-likelihood 
estimation of the weight values in the model defined by the network topology. In batch 
training, all patterns are presented to the network before learning takes place. Typically, 
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in batch trainiJl|^veral passes are made through the trairS^data. In onhne training, 
each pattern is presented once and only once to the net. 



5.5.5. SELF-ORGANIZING MAPS 

5 A self-organizing map is a neural-network that is based on a divisive clustering 

approach. The aim is to assign genes to a series of partitions on the basis of the similarity 
of their expression vectors to reference vectors that are defined for each partition. 
Consider the case in which there are two microarrays from two different experiments. It 
is possible to build up a two-dimensional construct where every spot corresponds to the 

1 0 expression levels of any given gene in the two experiments. A two-dimensional grid is 
built, resulting in several partitions of the two-dimensional construct. Next, a gene is 
randomly picked and the identify of the reference vector (node) closest to the gene picked 
is determined based on a distance matrix. The reference vector is then adjusted so that it 
is more similar to the vector of the assigned gene. That means the reference vector is 

1 5 moved one distance unit on the x axis and y-axis and becomes closer to the assigned 

gene. The other nodes are all adjusted to the assigned gene, but only are moved one half 
or one-fourth distance unit. This cycle is repeated hundreds of thousands times to 
converge the reference vector to fixed value and where the grid is stable. At that time, 
every reference vector is the center of a group of genes. Finally, the genes are mapped to 

20 the relevant partitions depending on the reference vector to which they are most similar. 

5.6. MULTIVARIATE STATISTICAL MODELS 

Using the methods of the present invention, candidate pathway groups are 
identified from the analysis of QTL interaction map data and gene expression cluster 

25 maps. Each candidate pathway group includes a number of genes. The methods of the 
present invention are advantageous because they filter the potentially thousands of genes 
in the genome of the population of interest into a few candidate pathway groups using 
clustering techniques. In a typical case, a candidate pathway group represents a group of 
genes that tightly cluster in a gene expression cluster map. The genes in a candidate 

30 pathway group may also cluster tightly in a QTL interaction map. The QTL interaction 
map serves as a complementary approach to defining the genes in a candidate pathway 
group. For example, consider the case in which genes A, B, and C cluster tightly in a 
gene expression cluster map. Furthermore, genes A, B, C and D cluster tightly in the 
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corresponding interaction map. In this example, anal|^of the gene expression 
cluster map alone suggest that genes A, B, and C form a candidate pathway group. 
However, analysis of both the QTL interaction map and the gene expression cluster map 
suggest that the candidate pathway group comprises genes A, B, C, and D. 

5 Once candidate pathway groups have been identified, multivariate statistical 

techniques can be used to determine whether each of the genes in the candidate pathway 
group affect a particular trait, such as a complex disease trait. The form of multivariate 
statistical analysis used in some embodiments of the present invention is dependent upon 
on the type of genotype and/or pedigree data that is available. 

10 Typically, more pedigree data is available in cases where the population to be 

studied is plants or animals. In such instances, the multivariate statistical models such as 
those of Jiang and Zeng, 1995, Nature Genetics 140, pp. 1 1 1 1-1 127, as well as the 
techniques implemented in QTL Cartographer (Basten and Zeng, 1994, Zmap-a QTL 
cartographer, Proceedings of the 5th World Congress on Genetics Applied to Livestock 

1 5 Production: Computing Strategies and Software 22, Smith et al. eds., pp. 65-66, The 
Organizing Committee, 5th World Congress on Genetics Applied to Livestock 
Production, Guelph, Ontario, Canada; Basten etal., 2001, QTL Cartographer, Version 
1.15, Department of Statistics, North Carolina State University, Raleigh, North Carolina. 
In addition, marker regression (joint mapping, marker-difference regression, MDR), 

20 interval mapping with marked cofactors, and composite interval mapping can be used. 
See, for example, Lynch & Walsh, 1998, Genetics and Analysis of Quantitative Traits, 
Sinauer Associates, Inc., Sunderland, MA. 

Jiang and Zeng have developed a multiple-trait extension to composite interval 
mapping (CJM). See, for example, Jiang and Zeng, 1 995, Genetics 140, p. 1 1 1 1 . CIM 

25 refers to the general approach of adding marker cofactors to an otherwise standard 

interval analysis (e.g., QTL detection using linear models or via maximum likelihood). 
CIM handles multiple QTLs by incorporating mutlilocus marker information from 
organisms by mowfying standard interval mapping to include additional markers as 
cofactors for analysis. See, for example, Jansen, 1993, Genetics 135, p. 205; Zeng, 1994, 

30 Genetics 136, p. 1457. The multiple-trait extension to CIM developed by Jiang and Zeng 
provides a framework for testing the candidate pathway groups that are constructed using 
the methods of the present invention in cases where the genes in these candidate pathway 
groups link to the same genetic region. The methods of Jiang and Zeng allow for the 
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determination whether expression values (for the gen^Pr the candidate pathway 

group) linking to the same region are controlled by a single gene pleiotropy) or by two 

closely linked genes. If the methods of Jiang and Zeng suggest that multiple genes are 

actually controlled by closely linked loci (closely linked genes), then there is not support 

5 that the genes linking to the same region are in the same pathway. Moreover, the 

components (hierarchy) of a pathway can be deduced by testing subsets of the pathway 

group to see which genes have an underlying pleiotropic relationship with respect to other 

genes. Further, the definition of the candidate pathway group can be refined by 

eliminating specific genes in the candidate pathway group that do not have a pleiotropic 

10 relationship with other genes in the candidate pathway group. The idea is to determine 

which of the genes linking to given region, have other genes linking to their physical 

location, indicating the order for hierarchy and control. 

Presently, the practical limits are ttiat no more than ten genes can be handled at 
once using multivariate methods such as the Jiang and Zeng methods. Theoretically, the 
1 5 number of genes is limited by the amount of data available to fit the model, but the 
, particular limitation is that the optimizatipn techniques are not effective for greater than 
10 dimensions. However, in some embodiments, more than 10 genes can be handled at 
once by implementing dimensionality reductions techniques (like principal components). 

For human genotype and pedigree data, methods described in Allison, 1998, 
20 Multiple Phenotype Modeling in Gene-Mapping Studies of Quantitative Traits: Power 
Advantages, Am J. Hum. Genetics 63, pp. 1 190-1201, are used, including, but not limited 
to, those of Amos et al, 1990, Am J. Hum. Genetics 47, pp. 247-254. 

In some embodiments, gene expression data 44 is collected for multiple tissue 
types. In such instances, multivariate analysis can be used to determine the true nature of 
25 a complex disease. Multivariate techniques used in this embodiment of the invention are 
described, in part, in Williams et al 9 1999, Am J Hum Genet 65(4): 1 134-47; Amos et aL, 
1990, Am J Hum Genet 47(2): 247-54, and Jiang and Zeng, 1995, Nature Genetics 
140:1111-1127. 

Asthma provides one example of a complex disease that can be studied using 
30 expression data from multiple tissue types. Asthma is expected to, in part, be influenced 
by immune system response not only in lungs but also in blood. By measuring expression 
of genes in the lung and in blood, the following model could be used to dissect the shared 
genetic effect in a model system, e.g. an F2 mouse cross: 
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^yi =«i +b i x J +d l Zj+e JX 
yj2 = « 2 + b 2 Xj + rf 2 z y + e y2 

where, for individual 7 and a putative QTL: 

• • ->yjm consists of asthma relevant phenotypes, expression data for gene 
expression in the lung and expression data for gene expression in blood; 

Xj is the number of QTL alleles from a specific parental line; 

zj is 1 if the individual is heterozygous for the QTL and 0 otherwise; 

o$ represents the mean for phenotype i; 

bi and dj represent the additive and dominance effects of the QTL on phenotype i; 

and 

eji is the residual error for individual j and phenotype i. 

It is typically assumed that the residuals are uncorrelated between individuals, and 
the correlation between residuals within an individual are modeled as Cov(ej k , eji) = p kl <r k 
u\. Assuming a multivariate normal distribution for the residuals, likelihood analysis can 
be used to test for joint linkage of a QTL to the trait vector and to test for pleiotropic 
effects versus close linkage. With such information, it would be possible to detect a QTL 
that influences susceptibility to asthma through causing changes in gene expression for a 
set of genes expressed in blood and for a set of, potentially overlapping, genes expressed 
in lung. Such multivariate analyses in accordance with the present invention, combined 
with high quality phenotypic data that includes expression data across multiple tissues, 
allows for improved detection of those genes truly influencing susceptibility to complex 
diseases. 



5.7. ANALYTIC KIT IMPLEMENTATION 

hi a preferred embodiment, the methods of this invention can be implemented by 
use of kits for determining the responses or state of a biological sample. Such kits 
contain microarrays, such as those described in Subsections below. The microarrays 
contained in such kits comprise a solid phase, e.g. , a surface, to which probes are 
hybridized or bound at a known location of the solid phase. Preferably, these probes 
consist of nucleic acids of known, different sequence, with each nucleic acid being 
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capable of hj^Pizing to an RNA species or to a cDNA 
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es derived therefrom. In a 



particular embodiment, the probes contained in the kits of this invention are nucleic acids 
capable of hybridizing specifically to nucleic acid sequences derived from RNA species 
in cells collected from an organism of interest. 

5 In a preferred embodiment, a kit of the invention also contains one or more 

databases described above and in Fig. 1, encoded on computer readable medium, and/or 
an access authorization to use the databases described above from a remote networked 
computer. 

In another preferred embodiment, a kit of the invention further contains software 
10 capable of being loaded into the memory of a computer system such as the one described 
supra, and illustrated in Fig. 1. The software contained in the kit of this invention, is 
essentially identical to the software described above in conjunction with Fig. 1. 
Alternative kits for implementing the analytic methods of this invention will be apparent 
to one of skill in the art and are intended to be comprehended within the accompanying 
15 claims. 



5.8. TRANSCRIPTIONAL STATE MEASUREMENTS 

This section provides some exemplary methods for measuring the expression level 
of genes, which are one type of cellular constituent. One of skill in the art will appreciate 
20 that this invention is not limited to the following specific methods for measuring the 
expression level of genes in each organism in a plurality of organisms. 



5.8.1. TRANSCRIPT ASSAY USING MICROARRAYS 

The techniques described in this section are particularly useful for the 
determination of the expression state or the transcriptional state of a cell or cell type or 
any other cell sample by monitoring expression profiles. These techniques include the 
provision of polynucleotide probe arrays that may be used to provide simultaneous 
determination of the expression levels of a plurality of genes. These technique further 
provide methods for designing and making such polynucleotide probe arrays. 

The expression level of a nucleotide sequence in a gene can be measured by any 
high throughput techniques. However measured, the result is either the absolute or 
relative amounts of transcripts or response data, including but not limited to values 
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representing a^Pances or abundance rations. Preferably^Hasurement of the 
expression profile is made by hybridization to transcript arrays, which are described in 
this subsection. In one embodiment, "transcript arrays" or "profiling arrays" are used. 
Transcript arrays can be employed for analyzing the expression profile in a cell sample 
5 and especially for measuring the expression profile of a cell sample of a particular tissue 
type or developmental state or exposed to a drug of interest 

hi one embodiment, an expression profile is obtained by hybridizing detectably 
labeled polynucleotides representing the nucleotide sequences in mRNA transcripts 
present in a cell (e.g., fluorescently labeled cDNA synthesized from total cell mRNA) to a 

3 microarray. A microarray is an array of positionally-addressable binding (e.g., 

hybridization) sites on a support for representing many of the nucleotide sequences in the 
genome of a cell or organism, preferably most or almost all of the genes. Each of such 

h'— 1 ' '— Hynucleotide probes bound to the predetermined region on the 

support. Microarrays can be made in a number of ways, of which several are described 

5 herein below. However produced, microarrays share certain characteristics. The arrays 
are reproducible, allowing multiple copies of a given array to be produced and easily 
compared with each other. Preferably, the microarrays are made from materials that are 
stable under binding (e.g., nucleic acid hybridization) conditions. Microarrays are 
preferably small, e.g., between about 1 cm 2 and 25 cm 2 , preferably about 1 to 3 cm 2 . 
However* both larger and smaller arrays are also contemplated and may be preferable, 
e.g., for simultaneously evaluating a very large number or very small number of different 
probes. 

Preferably, a given binding site or unique set of binding sites in the microarray 
will specifically bind (e.g., hybridize) to a nucleotide sequence in a single gene from a 
cell or organism (e.g., to exon of a specific mRNA or a specific cDNA derived 
therefrom). 

The microarrays used can include one or more test probes, each of which has a 
polynucleotide sequence that is complementary to a subsequence of RNA or DNA to be 
Reeled. Each probe typically has a different nucleic acid sequence, and the position of 
each probe on the solid surface of the array is usually known. Indeed, the microarrays are 
preferably addressable arrays, more preferably positionally addressable arrays. Each 
probe of the array is preferably located at a known, predetermined position on the solid 
support so that the identity (i.e., the sequence) of each probe can be determined from its 
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position on the Qe., on the support or surface). In sornSmbodiments, the arrays 
are ordered arrays. 

Preferably, the density of probes on a microarray or a set of microarrays is about 
100 different (i.e., non-identical) probes per 1 cm 2 or higher. More preferably, a 
microarray used in the methods of the invention will have at least 550 probes per 1 cm 2 , 
at least 1,000 probes per 1 cm 2 , at least 1,500 probes per 1 cm 2 or at least 2,000 probes 
per 1 cm 2 . In a particularly preferred embodiment, the microarray is a high density array, 
preferably having a density of at least about 2,500 different probes per 1 cm 2 . The 
microarrays used in the invention therefore preferably contain at least 2,500, at least 
5,000, at least 10,000, at least 15,000, at least 20,000, at least 25,000, at least 50,000 or at 
least 55,000 different (i.e., non-identical) probes. 

In one embodiment, the microarray is an array (e.g., a matrix) in which each 
position represents a discrete binding site for a nucleotide sequence of a transcript 
encoded by a gene (e.g., for an exon of an mRNA or a cDNA derived therefrom). The 
collection of binding sites on a microarray contains sets of binding sites for a plurality of 
genes. For example, in various embodiments, the microarrays of me invention can 
comprise binding sites for products encoded by fewer than 50% of the genes in the 
genome of an organism. Alternatively, the microarrays of the invention can have binding 
sites for the products encoded by at least 50%, at least 75%, at least 85%, at least 90%, at 
least 95%, at least 99% or 100% of the genes in the genome of an organism. In other 
embodiments, the microarrays of the invention can having binding sites for products 
encoded by fewer than 50%, by at least 50%, by at least 75%, by at least 85%, by at least 
90%, by at least 95%, by at least 99% or by 100% of the genes expressed by a cell of an 
organism. The binding site can be a DNA or DNA analog to which a particular RNA can 
specifically hybridize. The DNA or DNA analog can be, e.g., a synthetic oligomer or a 
gene fragment, e.g. corresponding to an exon. 

In some embodiments of the present invention, a gene or an exon in a gene is 
represented in the profiling arrays by a set of binding sites comprising probes with 
different polynucleotides that are complementary to different sequence segments of the 
gene or the exon. Such polynucleotides are preferably of the length of 15 to 200 bases, 
more preferably of the length of 20 to 100 bases, most preferably 40-60 bases. Each 
probe sequence may also comprise linker sequences in addition to the sequence that is 
complementary to its target sequence. As used herein, a linker sequence is a sequence 
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between the se^^ce that is complementary to its target s^ptice and the surface of 

support. For example, in preferred embodiments, the profiling arrays of the invention 

comprise one probe specific to each target gene or exon. However, if desired, the 

profiling arrays may contain at least 2, 5, 10, 100, or 1000 or more probes specific to 

5 some target genes or exons. For example, the array may contain probes tiled across the 

sequence of the longest mRNA isoform of a gene at single base steps. 

In specific embodiments of the invention, when an exon has alternative spliced 
variants, a set of polynucleotide probes of successive overlapping sequences, i.e., tiled 
sequences, across the genomic region containing the longest variant of an exon can be 

1 0 included in the exon profiling arrays. The set of polynucleotide probes can comprise 

successive overlapping sequences at steps of a predetermined base intervals, e.g. at steps 
of 1, 5, or 10 base intervals, span, or are tiled across, the mRNA containing the longest 
variant. Such sets of probes therefore can be used to scan the genomic region containing 
all variants of an exon to determine the expressed variant or variants of the exon to 

15 determine the expressed variant or variants of the exon. Alternatively or additionally, a 
set of polynucleotide probes comprising exon specific probes and/or variant junction 
probes can be included in the exon profiling array. As used herein, a variant junction 
probe refers to a probe specific to the junction region of the particular exon variant and 
the neighboring exon. In some cases, the probe set contains variant junction probes 

20 specifically hybridizable to each of all different splice junction sequences of the exon. In 
other cases, the probe set contains exon specific probes specifically hybridizable to the 
common sequences in all different variants of the exon, and/or variant junction probes 
specifically hybridizable to the different splice junction sequences of the exon. 

In some cases, an exon is represented in the exon profiling arrays by a probe 
25 comprising a polynucleotide that is complementary to the full length exon. In such 

instances, an exon is represented by a single binding site on the profiling arrays. In some 
preferred cases, an exon is represented by one or more binding sites on the profiling 
arrays, each of the binding sites comprising a probe with a polynucleotide sequence that 
is complementary to an RNA fragment that is a substantial portion of the target exon. 
30 The lengths of such probes are normally between about 1 5-600 bases, preferably between 
about 20-200 bases, more preferably between about 30-1 00 bases, and most preferably 
between about 40-80 bases. The average length of an exon is about 200 bases (see, e.g., 
Lewin, Genes V 9 Oxford University Press, Oxford, 1994). A probe of length of about 40- 
80 allows more specific binding of the exon than a probe of shorter length, thereby 
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increasing the sp^Kcity of the probe to the target exon. FoSriain genes, one or more 
targeted exons may have sequence lengths less than about 40-80 bases. In such cases, if 
probes with sequences longer than the target exons are to be used, it may be desirable to 
design probes comprising sequences that include the entire target exon flanked by 
sequences from the adjacent constitutively splice exon or exons such that the probe 
sequences are complementary to the corresponding sequence segments in the mRNAs. 
Using flanking sequence from adjacent constitutively spliced exon or exons rather than 
the genomic flanking sequences, i.e., intron sequences, permits comparable hybridization 
stringency with other probes of the same length. Preferably the flanking sequence used 
are from the adjacent constitutively spliced exon or exons that are not involved in any 
alternative pathways. More preferably the flanking sequences used do not comprise a 
significant portion of the sequence of the adjacent exon or exons so that cross- 
hybridization can be nnnimized. In some embodiments, when a target exon that is shorter 
than the desired probe length is involved in alternative splicing, probes comprising 
flanking sequences in different alternatively spliced mRNAs are designed so that 
expression level of the exon expressed in different alternatively spliced mRNAs can be 
measured. 

In some instances, when alternative splicing pathways and/or exon duplication in 
separate genes are to be distinguished, the DNA array or set of arrays can also comprise 
probes that are complementary to sequences spanning the junction regions of two 
adjacent exons. Preferably, such probes comprise sequences from the two exons which . 
are not substantially overlapped with probes for each individual exons so that cross 
hybridization can be nnnimized. Probes that comprise sequences from more than one 
exons are useful in mstinguishing alternative splicing pathways and/or expression of 
duplicated exons in separate genes if the exons occurs in one or more alternative spliced 
mRNAs and/or one or more separated genes that contain the duplicated exons but not in 
other alternatively spliced mRNAs and/or other genes that contain the duplicated exons. 
Alternatively, for duplicate exons in separate genes, if the exons from different genes 
show substantial difference in sequence homology, it is preferable to include probes that 
are different so that the exons from different genes can be distinguished. 

It will be apparent to one skilled in the art that any of the probe schemes, supra, 
can be combined on the same profiling array and/or on different arrays within the same 
set of profiling arrays so that a more accurate determination of the expression profile for a 
plurality of genes can be accomplished. It will also be apparent to one skilled in the art 
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profihng. For example, a profiling array or array set comprising a small set of probes for 
each exon may be used to determine the relevant genes and/or RNA splicing pathways 
under certain specific conditions. An array or array set comprising larger sets of probes 
for the exons that are of interest is then used to more accurately determine the exon 
expression profile under such specific conditions. Other DNA array strategies that allow 
more advantageous use of different probe schemes are also encompassed. 

Preferably, the microarrays used in the invention have binding sites (i.e., probes) 
for sets of exons for one or more genes relevant to the action of a drug of interest or in a 
biological pathway of interest. As discussed above, a "gene" is identified as a portion of 
DNA that is transcribed by RNA polymerase, which may include a 5' untranslated region 
('TJTR"), introns, exons and a 3' UTR. The number of genes in a genome can be 
estimated from the number of mRNAs expressed by the cell or organism, or by 
extrapolation of a well characterized portion of the genome. When the genome of the 
organism of interest has been sequenced, the number of ORFs can be determined and 
mRNA coding regions identified by analysis of the DNA sequence. For example, the 
genome of Saccharomyces cerevisiae has been completely sequenced and is reported to 
have approximately 6275 ORFs encoding sequences longer the 99 amino acid residues in 
length. Analysis of these ORFs indicates that there are 5,885 ORFs that are likely to 
encode protein products (Goffeau et al, 1996, Science 21 A: 546-567). In contrast, the 
human genome is estimated to contain approximately 30,000 to 130,000 genes (see 
Crollius et al., 2000, Nature Genetics 25:235-238; Ewing et al., 2000, Nature Genetics 
25:232-234). Genome sequences for other organisms, including but not limited to 
Drosophila, C. elegans, plants, e.g., rice and Arabidopsis, and mammals, e.g., mouse and 
human, are also completed or nearly completed. Thus, in preferred embodiments of the 
invention, an array set comprising in total probes for all known or predicted exons in the 
genome of an organism is provided. As a non-limiting example, the present invention 
provides an array set comprising one or two probes for each known or predicted exon in 
the human genome. 

It will be appreciated that when cDNA complementary to the RNA of a cell is 
made and hybridized to a microarray under suitable hybridization conditions, the level of 
hybridization to the site in the array corresponding to an exon of any particular gene will 
reflect the prevalence in the cell of mRNA or mRNAs containing the exon transcribed 
from that gene. For example, when detectably labeled (e.g., with a fluorophore) cDNA 
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complementar^Pthe total cellular mRNA is hybridized toflmicroarray, the site on the 
array corresponding to an exon of a gene (i.e., capable of specifically binding the product 
or products of the gene expressing) that is not transcribed or is removed during RNA 
splicing in the cell will have little or no signal (e.g. , fluorescent signal), and an exon of a 
5 gene for which the encoded mRNA expressing the exon is prevalent will have a relatively 
strong signal. The relative abundance of different mRNAs produced from the same gene 
by alternative splicing is then deterrnined by the signal strength pattern across the whole 
set of exons monitored for the gene. 

In one embodiment, cDNAs from cell samples from two different conditions are 
10 hybridized to the binding sites of the microarray using a two-color protocol. In the case 
of drug responses one cell sample is exposed to a drug and another cell sample of the 
same type is not exposed to the drag. In the case of pathway responses one cell is 
exposed to a pathway perturbation and another cell of the same type is not exposed to the 
pathway perturbation. The cDNA derived from each of the two cell types are differently 
1 5 labeled (e.g. , with Cy3 and Cy5) so that they can be distinguished. In one embodiment, 
for example, cDNA from a cell treated with a drug (or exposed to a pathway perturbation) 
is synthesized using a fluorescein-labeled dNTP, and cDNA from a second cell, not 
drug-exposed, is synthesized using a rhodamine-labeled dNTP. When the two cDNAs are 
mixed and hybridized to the microarray, the relative intensity of signal from each cDNA 
20 set is determined for each site on the array, and any relative difference in abundance of a 
particular exon detected. 

In the example described above, the cDNA from the drug-treated (or pathway 
perturbed) cell will fluoresce green when the fluorophore is stimulated and the cDNA 
from the untreated cell will fluoresce red. As a result, when the drug treatment has no 

25 effect, either directly or indirectly, on the transcription and/or post-transcriptional splicing 
of a particular gene in a cell, the exon expression patterns will be indistinguishable in 
both cells and, upon reverse transcription, red-labeled and green-labeled cDNA will be 
equally prevalent. When hybridized to the microarray, the binding site(s) for that species 
of RNA will emit wavelengths characteristic of both fluorophores. In contrast, when the 

30 drug-exposed cell is treated with a drug that, directly or indirectly, change the 

transcription and/or post-transcriptional splicing of a particular gene in the cell, the exon 
expression pattern as represented by ratio of green to red fluorescence for each exon 
binding site will change. When the drug increases the prevalence of an mRNA, the ratios 
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for each exon e^essed in the mRNA will increase, whereas^hen the drug decreases the 
prevalence of an mRNA, the ratio for each exons expressed in the mRNA will decrease. 

The use of a two-color fluorescence labeling and detection scheme to define 
alterations in gene expression has been described in connection with detection of 
5 mRNAs, e.g., in Shena W 1995, Quantitative monitoring of gene expression patterns 
with a complementary^*?! Jiicroarray^ence 270:467-470, which is incorporated by 
reference in its entirety for all purposes. The scheme is equally applicable to labeling and 
detection of exons. An advantage of using cDNA labeled with two different fluorophores 
is that a direct and internally controlled comparison of the mRNA or exon expression 
1 0 levels corresponding to each arrayed gene in two cell states can be made, and variations 
due to minor differences in experimental conditions (e.g., hybridization conditions) will 
not affect subsequent analyses. However, it will be recognized that it is also possible to 
use cDNA from a single cell, and compare, for example, the absolute amount of a 
particular exon in, e.g., a drug-treated or pathway-perturbed cell and an untreated cell. 
1 5 Furthermore, labeling with more than two colors is also contemplated in the present 
invention. In some embodiments of the invention, at least 5, 10, 20, or 100 dyes of 
different colors can be used for labeling. Such labeling permits simultaneous hybridizing 
of the distihguishably labeled cDNA populations to the same array, and thus measuring, 
and optionally comparing the expression levels of, mRNA molecules derived from more 
20 than two samples. Dyes that can be used include, but are not limited to, fluorescein and 
its derivatives, rhodamine and its derivatives, texas red, 5'carboxy-fluorescein ("FMA"), 
2\7'-dimethoxy-4',5 '-dichloro-6-carboxy-fluorescein ("JOE"), N,N,N',N'-tetramethyl-6- 
carboxy-rhodamine ('TAMRA"), 6'carboxy-X-rhodamine ("ROX"), HEX, TET, IRD40, 
and IRD41, cyamine dyes, including but are not limited to Cy3, Cy3.5 and Cy5; 
25 BODIPY dyes including but are not limited to BODIPY-FL, BODIPY-TR, BODIPY- 
TMR, BODIPY-630/650, and BODJJPY-650/670; and ALEXA dyes, including but are 
not limited to ALEXA-488, ALEXA-532, ALEXA-546, ALEXA-568, and ALEXA-594; 
as well as other fluorescent dyes which will be known to those who are skilled in the art. 
In some embodiments of the invention, hybridization data are measured at a 
30 plurality of different hybridization times so that the evolution of hybridization levels to 
equilibrium can be determined. In such embodiments, hybridization levels are most 
preferably measured at hybridization times spanning the range from 0 to in excess of what 
is required for sampling of the bound polynucleotides (i.e., the probe or probes) by the 
labeled polynucleotides so that the mixture is close to or substantially reached 
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equilibrium, ar^^plexes are at concentrations dependent ^fffinity and abundance 

rather than diffusion. However, the hybridization times are preferably short enough that 

irreversible binding interactions between the labeled polynucleotide and the probes and/or 

the surface do not occur, or are at least limited. For example, in embodiments wherein 

polynucleotide arrays are used to probe a complex mixture of fragmented 

polynucleotides, typical hybridization times may be approximately 0-72 hours. 

Appropriate hybridization times for other embodiments will depend on the particular 

polynucleotide sequences and probes used, and may be determined by those skilled in the 

art (see, e.g., Sambrook et al. y Eds., 1989, Molecular Cloning: A Laboratory Manual, 

2nd ed., Vol. 1-3, Cold Spring Harbor Laboratory, Cold Spring Harbor, New York). 

In one embodiment, hybridization levels at different hybridization times are 
measured separately on different, identical microarrays. For each such measurement, at 
hybridization time when hybridization level is measured, the microarray is washed 
briefly, preferably in room temperature in an aqueous solution of high to moderate salt 
concentration (e.g., 0.5 to 3 M salt concentration) under conditions which retain all bound 
or hybridized polynucleotides while removing all unbound polynucleotides. The 
detectable label on the remaining, hybridized polynucleotide molecules on each probe is 
then measured by a method which is appropriate to the particular labeling method used. 
The resulted hybridization levels are men combined to form, a hybridization curve. In 
another embodiment, hybridization levels are measured in real time using a single 
microarray. In this embodiment, the microarray is allowed to hybridize to the sample 
without interruption and the microarray is interrogated at each hybridization time in a 
non-invasive manner. In still another embodiment, one can use one array, hybridize for a 
short time, wash and measure the hybridization level, put back to the same sample, 
hybridize for another period of time, wash and measure again to get the hybridization 
time curve. 

Preferably, at least two hybridization levels at two different hybridization times 
are measured, a first one at a hybridization time that is close to the time scale of cross- 
hybridization equihbrium and a second one measured at a hybridization time that is 
longer than the first one. The time scale of cross-hybridization equihbrium depends, inter 
alia, on sample composition and probe sequence and may be determined by one skilled in 
the art. In preferred embodiments, the first hybridization level is measured at between 1 
to 10 hours, whereas the second hybridization time is measured at about 2, 4, 6, 10, 12, 
16, 18, 48 or 72 times as long as the first hybridization time. 
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5.8.1.1. PREPARING PROBES FOR MICROARRAYS 

As noted above, the "probe" to which a particular polynucleotide molecule, such 
as an exon, specifically hybridizes according to the invention is a complementary 
polynucleotide sequence. Preferably one or more probes are selected for each target 
exon. For example, when a minimum number of probes are to be used for the detection 
of an exon, the probes normally comprise nucleotide sequences greater than about 40 
bases in length. Alternatively, when a large set of redundant probes is to be used for an 
exon, the probes normally comprise nucleotide sequences of about 40-60 bases. The 
probes can also comprise sequences complementary to full length exons. The lengths of 
exons can range from less than 50 bases to more than 200 bases. Therefore, when a 
probe length longer than exon is to be used, it is preferable to augment the exon sequence 
with adjacent constitutively spliced exon sequences such that the probe sequence is 
complementary to the continuous mRNA fragment that contains the target exon. This 
will allow comparable hybridization stringency among the probes of an exon profiling 
array. It will be understood that each probe sequence may also comprise linker sequences 
in addition to the sequence that is complementary to its target sequence. 

The probes may comprise DNA or DNA ''mimics" {e.g., derivatives and 
analogues) corresponding to a portion of each exon of each gene in an organism's 
genome. In one embodiment, the probes of the microarray are complementary RNA or 
RNA mimics. DNA mimics are polymers composed of subunits capable of specific, 
Watson-Crick-like hybridization with DNA, or of specific hybridization with RNA. The 
nucleic acids can be modified at the base moiety, at the sugar moiety, or at the phosphate 
backbone. Exemplary DNA mimics include, e.g., phosphorothioates. DNA can be 
obtained, e.g., by polymerase chain reaction (PCR) amplification of exon segments from 
genomic DNA, cDNA {e.g., by RT-PCR), or cloned sequences. PCR primers are 
preferably chosen based on known sequence of the exons or cDNA that result in 
amplification of unique fragments {i.e., fragments that do not share more than 10 bases of 
contiguous identical sequence with any other fragment on the microarray). Computer 
programs that are well known in the art are useful in the design of primers with the 
required specificity and optimal amplification properties, such as Oligo version 5.0 
(National Biosciences). Typically each probe on the microarray will be between 20 bases 
and 600 bases, and usually between 30 and 200 bases in length. PCR methods are well 
known in the art, and are described, for example, in Innis et al, eds., 1990, PCR 
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Protocols: A ^Wde to Methods and Applications, AcadeinRress Inc., San Diego, CA. 
It will be apparent to one skilled in the art that controlled robotic systems are useful for 
isolating and amplifying nucleic acids. 

An alternative, preferred means for generating the polynucleotide probes of the 
5 microarray is by synthesis of synthetic polynucleotides or oligonucleotides, e.g., using N- 
phosphonate or phosphoramidite chemistries (Froehlere/ al, 1986, Nucleic Acid Res. 
74:5399-5407; McBride et al, 1983, Tetrahedron Lett. 24:246-248). Synthetic sequences 
are typically between about 15 and about 600 bases in length, more typically between 
about 20 and about 100 bases, most preferably between about 40 and about 70 bases in 
10 length. In some embodiments, synthetic nucleic acids include non-natural bases, such as, 
but by no means limited to, inosine. As noted above, nucleic acid analogues may be used 
as binding sites for hybridization. An example of a suitable nucleic acid analogue is 
peptide nucleic acid (see, e.g., Egholm et al., 1993, Nature 363:566-568; U.S. Patent No. 
5,539,083). 

1 5 la alternative embodiments, the hybridization sites (/. e. , the probes) are made 

from plasmid or phage clones of genes, cDNAs (e.g, expressed sequence tags), or inserts 
therefrom (Nguyen etal., 1995, Genomics 29:201-209). 



5.8.1.2. ATTACHING NUCLEIC ACIDS TO THE SOLID SURFACE 

20 Preformed polynucleotide probes can be deposited on a support to form the array. 

Alternatively, polynucleotide probes can be synthesized directly on the support to form 
the array. The probes are attached to a solid support or surface, which may be made, e.g. , 
from glass, plastic {e.g., polypropylene, nylon), polyacrylamide, nitrocellulose, gel, or 
other porous or nonporous material. 

25 A preferred method for attaching the nucleic acids to a surface is by printing on 

glass plates, as is described generally by Schena et al, 1995, Science 270:467-470. This 
method is especially useful for preparing microaiTays of cDNA (See also, DeRisi et al, 
1996, Nature Genetics 74:457-460; Shalon et al, 1996, Genome Res. 6:639-645; and 
Schena etal, 1995, Proc. Natl Acad. Sci. U.S.A. P3: 1053 9- 11 286). 

30 A second preferred method for making microarrays is by making high-density 

polynucleotide arrays. Techniques are known for producing arrays containing thousands 
of oligonucleotides complementary to defined sequences, at defined locations on a 
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surface using^olithographic techniques for synthesis Iffu (see, Fodor et al, 1991, 
Science 257:767-773; Pease er a/., 1994, TVoc. TVatf. /icarf. 5c/. U.S.A. P7:5022-5026; 
Lockhart ef a/., 1996, Nature Biotechnology 14:1615; U.S. Patent Nos. 5,578,832; 
5,556,752; and 5,510,270) or other methods for rapid synthesis and deposition of defined 
oligonucleotides (Blanchard et al, Biosensors & Bioelectronics 77:687-690). When 
these methods are used, oligonucleotides (e.g., 60-mers) of known sequence are 
synthesized directly on a surface such as a derivatized glass slide. The array produced 
can be redundant, with several polynucleotide molecules per exon. 

Other methods for making microarrays, e.g., by masking (Maskos and Southern, 
1992, Nucl. Acids. Res. 20:1679-1684), may also be used. In principle, and as noted 
supra, any type of array, for example, dot blots on a nylon hybridization membrane (see 
Sambrook et al, supra) could be used. However, as will be recognized by those skilled 
in the art, very small arrays will frequently be preferred because hybridization volumes 
will be smaller. 



In a particularly preferred embodiment, microarrays of the invention are 
manufactured by means of an ink jet printing device for oligonucleotide synthesis, e.g., 
using the methods and systems described by Blanchard in International Patent Publication 
No. WO 98/41531, published September 24, 1998; Blanchard et al, 1996, Biosensors 
and Bioelectronics 77:687-690; Blanchard, 1998, in Synthetic DNA Arrays in Genetic 
20 Engineering, Vol. 20, J.K. Setlow, Ed., Plenum Press, New York at pages 1 1 1-123; and 
U.S. Patent No. 6,028,189 to Blanchard. Specifically, the polynucleotide probes in such 
microarrays are preferably synthesized in arrays, e.g., on a glass slide, by serially 
depositing individual nucleotide bases in "microdroplets" of a high surface tension 
solvent such as propylene carbonate. The microdroplets have small volumes (e.g., 
100 pL or less, more preferably 50 pL or less) and are separated from each other on the 
microarray (e.g., by hydrophobic domains) to form circular surface tension wells which 
define the locations of the array elements (i.e., the different probes). Polynucleotide 
probes are normally attached to the surface covalently at the 3' end of the polynucleotide. 
Alternatively, polynucleotide probes can be attached to the surface covalently at the 5' 
end of the polynucleotide (see for example, Blanchard, 1998, in Synthetic DNA Arrays 
in Genetic Engineering, Vol. 20, J.K. Setlow, Ed., Plenum Press, New York at pages 1 1 1- 
123). 
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5.8^. TARGET POLYNUCLEOTIDE MOXECULES 

Target polynucleotides which may be analyzed by the methods and compositions 
of the invention include RNA molecules such as, but by no means limited to, messenger 
RNA (mRNA) molecules, ribosomal RNA (rRNA) molecules, cRNA molecules (i.e., 
RNA molecules prepared from cDNA molecules that are transcribed in vivo) and 
fragments thereof. Target polynucleotides which may also be analyzed by the methods 
and compositions of the present invention include, but are not limited to DNA molecules 
such as genomic DNA molecules, cDNA molecules, and fragments thereof including 
oligonucleotides, ESTs, STSs, etc. 

The target polynucleotides may be from any source. For example, the target 
polynucleotide molecules may be naturally occurring nucleic acid molecules such as 
genomic or extragenomic DNA molecules isolated from an organism, or RNA molecules, 
such as mRNA molecules, isolated from an organism. Alternatively, the polynucleotide 
molecules maybe synthesized, including, e.g., nucleic acid molecules synthesized 
enzymatically in vivo or in vitro, such as cDNA molecules, or polynucleotide molecules 
synthesized by PCR, RNA molecules synthesized by in vitro transcription, etc. The 
sample of target polynucleotides can comprise, e.g., molecules of DNA, RNA, or 
copolymers of DNA and RNA. In preferred embodiments, the target polynucleotides of 
the invention will correspond to particular genes or to particular gene transcripts (e.g., to 
particular mRNA sequences expressed in cells or to particular cDNA sequences derived 
from such mRNA sequences). However, in many embodiments, particularly those 
embodiments wherein the polynucleotide molecules are derived from mammalian cells, 
the target polynucleotides may correspond to particular fragments of a gene transcript. 
, For example, the target polynucleotides may correspond to different exons of the same 
gene, e.g., so that different splice variants of that gene may be detected and/or analyzed. 

In preferred embodiments, the target polynucleotides to be analyzed are prepared 
in vitro from nucleic acids extracted from cells. For example, in one embodiment, RNA 
is extracted from cells (e.g., total cellular RNA, poly(A) + messenger RNA, fraction 
thereof) and messenger RNA is purified from the total extracted RNA. Methods for 
preparing total and poly(A) + RNA are well known in the art, and are described generally, 
e.g., in Sambrook et ah, supra. In one embodiment, RNA is extracted from cells of the 
various types of interest in this invention using guanidinium thiocyanate lysis followed by 
CsCl centrifugation and an oligo dT purification (Chirgwin et ah, 1979, Biochemistry 
75:5294-5299). In another embodiment, RNA is extracted from cells using guanidinium 
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thiocyanate lys^Rlowed by purification on RNeasy colurB^Qiagen). cDNA is then 
synthesized from the purified mRNA using, e.g., oligo-dT or random primers. In 
preferred embodiments, the target polynucleotides are cRNA prepared from purified 
messenger RNA extracted from cells. As used herein, cRNA is defined here as RNA 
5 complementary to the source RNA. The extracted RNAs are amplified using a process in 
which doubled-stranded cDNAs are synthesized from the RNAs using a primer linked to 
an RNA polymerase promoter in a direction capable of directing transcription of anti- 
sense RNA. Anti-sense RNAs or cRNAs are then transcribed from the second strand of 
the double-stranded cDNAs using an RNA polymerase (see, e.g., U.S. Patent Nos. 

10 5,891,636, 5,716,785; 5,545,522 and 6,132,997; see also, U.S. Patent No. 6,271,002, and 
U.S. Provisional Patent Application Serial No. 60/253,641, filed on November 28, 2000, 
by Ziman et al.). Both oligo-dT primers (U.S. Patent Nos. 5,545,522 and 6,132,997) or 
random primers (U.S. Provisional Patent Application Serial No. 60/253,641, filed on 
November 28, 2000, by Ziman et al.) that contain an RNA polymerase promoter or 

1 5 complement thereof can be used. Preferably, the target polynucleotides are short and/or 
fragmented polynucleotide molecules which are representative of the original nucleic acid 
population of the cell. 

The target polynucleotides to be analyzed by the methods and compositions of the 
invention are preferably detectably labeled. For example, cDNA can be labeled directly, 
20 e.g., with nucleotide analogs, or indirectly, e.g. , by making a second, labeled cDNA 

strand using the first strand as a template. Alternatively, the double-stranded cDNA can 
be transcribed into cRNA and labeled. 

Preferably, the detectable label is a fluorescent label, e.g., by incorporation of 
nucleotide analogs. Other labels suitable for use in the present invention include, but are 

25 not limited to, biotin, imminobiotin, antigens, cofactors, dinitrophenol, lipoic acid, 

olefinic compounds, detectable polypeptides, electron rich molecules, enzymes capable of 
generating a detectable signal by action upon a substrate, and radioactive isotopes. 
Preferred radioactive isotopes include 32 P, 35 S, 14 C, 15 N and 125 L Fluorescent molecules 
actable for the present invention include, but are not limited to, fluorescein and its 

30 derivatives, rhodarnine and its derivatives, texas red, 5 'carboxy-fluorescein ("FMA"), 
2S7 , -dimethoxy-4',5'-dichloro-6-carboxy-fluorescein ("JOE"), N,N,N',N'- tetramethyl- 
6-carboxy-rhodarnine ('TAMRA"), 6'carboxy-X-rhodarnine ("ROX"),HEX, TET, 
IRD40, and IRD41 . Fluroescent molecules that are suitable for the invention further 
include: cyamine dyes, including by not limited to Cy3, Cy3.5 and Cy5; BODIPY dyes 
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including but n^Riited to BODIPY-FL, BOD1PY-TR, BofflpY-TMR, BODIPY- 
630/650, and BODIPY-650/670; and ALEXA dyes, including but not limited to 
ALEXA-488, ALEXA-532, ALEXA-546, ALEXA-568, and ALEXA-594; as well as 
other fluorescent dyes which will be known to those who are skilled in the art. Electron 
rich indicator molecules suitable for the present invention include, but are not limited to, 
ferritin, hemocyanin, and colloidal gold. Alternatively, in less preferred embodiments the 
target polynucleotides may be labeled by specifically complexing a first group to the 
polynucleotide. A second group, covalently linked to an indicator molecules and which 
has an affinity for the first group, can be used to indirectly detect the target 
polynucleotide. In such an embodiment, compounds suitable for use as a first group 
include, but are not limited to, biotin and iminobiotin. Compounds suitable for use as a 
second group include, but are not limited to, avidin and streptavidin. 



5.8.1.4. HYBRIDIZATION TO MICROARRAYS 

As described supra, nucleic acid hybridization and wash conditions are chosen so 
that the polynucleotide molecules to be analyzed by the invention (referred to herein as 
the "target polynucleotide molecules) specifically bind or specifically hybridize to the 
complementary polynucleotide sequences of the array, preferably to a specific array site, 
wherein its complementary DNA is located. 

Arrays containing double-stranded probe DNA situated thereon are preferably 
subjected to denaturing conditions to render the DNA single-stranded prior to contacting 
with the target polynucleotide molecules. Arrays containing single-stranded probe DNA 
(e.g., synthetic oligodeoxyribonucleic acids) may need to be denatured prior to contacting 
with the target polynucleotide molecules, e.g., to remove hairpins or dimers which form 
due to self complementary sequences. 

Optimal hybridization conditions will depend on the length (e.g., oligomer versus 
polynucleotide greater than 200 bases) and type (e.g., RNA, or DNA) of probe and target 
nucleic acids. General parameters for specific (i.e., stringent) hybridization conditions for 
nucleic acids are described in Sambrook et al, (supra), and in Ausubel et al, 1987, 
Current Protocols in Molecular Biology, Greene Publishing and Wiley-Merscience, New 
York. When the cDNA microarrays of Schena et al. are used, typical hybridization 
conditions are hybridization in 5 X SSC plus 0.2% SDS at 65 °C for four hours, followed 
by washes at 25°C in low stringency wash buffer (1 X SSC plus 0.2% SDS), followed by 



83 



WO 2004/061616 PCT/US2003/041613 

10 minutes at 25^^i higher stringency wash buffer (0.1 X^^plus 0.2% SDS) (Shena 
etal, 1996, Proc. Natl. Acad, Sci. U.S.A. 93/10614). Useful hybridization conditions are 
also provided in, e.g., Tijessen, 1993, Hybridization With Nucleic Acid Probes, Elsevier 
Science Publishers B.V. and Kricka, 1992, Nonisotopic DNA Probe Techniques, 
5 Academic Press, San Diego, CA. 

Particularly preferred hybridization conditions for use with the screening and/or 
signaling chips of the present invention include hybridization at a temperature at or near 
the mean melting temperature of the probes {e.g., within 5 °C, more preferably within 
2 °C) in 1 M NaCl, 50 mM MES buffer (pH 6.5), 0.5% sodium Sarcosine and 30% 
10 formamide. 



5.8.1.5. SIGNAL DETECTION AND DATA ANALYSIS 

It will be appreciated that when target sequences, e.g., cDNA or cRNA, 
complementary to the RNA of a cell is made and hybridized to a microaixay under 

15 suitable hybridization conditions, the level of hybridization to the site in the array 

corresponding to an exon of any particular gene will reflect the prevalence in the cell of 
mRNA or mRNAs containing the exon transcribed from that gene. For example, when 
detectably labeled {e.g., with a fluorophore) cDNA complementary to the total cellular 
mRNA is hybridized to a microarray, the site on the array corresponding to an exon of a 

20 gene (i.e., capable of specifically binding the product or products of the gene expressing) 
that is not transcribed or is removed during KNA splicing in the cell will have little or no 
signal (e.g., fluorescent signal), and an exon of a gene for which the encoded mRNA 
expressing the exon is prevalent will have a relatively strong signal. The relative 
abundance of different mRNAs produced from the same gene by alternative splicing is 

25 then determined by the signal strength pattern across the whole set of exons monitored for 
the gene. 

In preferred embodiments, target sequences, e.g., cDNAs or cRNAs, from two 
different cells are hybridized to the binding sites of the microarray. In the case of drug 
responses one cell sample is exposed to a drug and another cell sample of the same type is 
30 not exposed to the drug. In the case of pathway responses one cell is exposed to a 
pathway perturbation and another cell of the same type is not exposed to the pathway 
perturbation. The cDNA or cRNA derived from each of the two cell types are differently 
labeled so that they can be distinguished. In one embodiment, for example, cDNA from a 
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cell treated with^Rig (or exposed to a pathway perturbatio^S synthesized using a 
fluorescein-labeled dNTP, and cDNA from a second cell, not drug-exposed, is 
synthesized using a rhodarnine-labeled dNTP. When the two cDNAs are mixed and 
hybridized to the microarray, the relative intensity of signal from each cDNA set is 
5 determined for each site on the array, and any relative difference in abundance of a 
particular exon detected. 

In the example described above, the cDNA from the drug-treated (or pathway 
perturbed) cell will fluoresce green when the fluorophore is stimulated and the cDNA 
from the untreated cell will fluoresce red. As a result, when the drug treatment has no 

1 0 effect, either directly or indirectly, on the transcription and/or post-transcriptional splicing 
of a particular gene in a cell, the exon expression patterns will be indistinguishable in 
both cells and, upon reverse transcription, red-labeled and green-labeled cDNA will be 
equally prevalent. When hybridized to the microarray, the binding site(s) for that species 
of RNA will emit wavelengths characteristic of both fluorophores. In contrast, when the 

1 5 drug-exposed cell is treated with a drug that, directly or indirectly, changes the 

transcription and/or post-transcriptional splicing of a particular gene in the cell, the exon 
expression pattern as represented by ratio of green to red fluorescence for each exon 
binding site will change. When the drug increases the prevalence of an mRNA, the ratios 
for each exon expressed in the mRNA will increase, whereas when the drug decreases the 

20 prevalence of an mRNA, the ratio for each exons expressed in the mRNA will decrease. 

The use of a two-color fluorescence labeling and detection scheme to define 
alterations in gene expression has been described in connection with detection of 
mRNAs, e.g., in Shena et at., 1995, Quantitative monitoring of gene expression patterns 
with a complementary DNA microarray, Science 270:467-470, which is incorporated by 

25 reference in its entirety for all purposes. The scheme is equally applicable to labeling and 
detection of exons. An advantage of using target sequences, e.g., cDNAs or cRNAs, 
labeled with two different fluorophores is that a direct and internally controlled 
comparison of the mRNA or exon expression levels corresponding to each arrayed gene 
in two cell states can be made, and variations due to minor differences in experimental 

30 conditions (e.g., hybridization conditions) will not affect subsequent analyses. However, 
it will be recognized that it is also possible to use cDNA from a single cell, and compare, 
for example, the absolute amount of a particular exon in, e.g., a drug-treated or 
pathway-perturbed cell and an untreated cell. 



85 



j^k PCT/US2003/041613 
i fl^Rscently labeled probes are used, the Auo^Rm 



WO 2004/061616 

When fl^Rscently labeled probes are used, the fluoWcence emissions at each 
site of a transcript array can be, preferably, detected by scanning confocal laser 
microscopy. In one embodiment, a separate scan, using the appropriate excitation line, is 
carried out for each of the two fluorophores used. Alternatively, a laser can be used that 
allows simultaneous specimen illumination at wavelengths specific to the two 
fluorophores and emissions from the two fluorophores can be analyzed simultaneously 
(see Shalon et al, 1996, Genome Res. 6~:639-645). In a preferred embodiment, the arrays 
are scanned with a laser fluorescence scanner with a computer controlled X-Y stage and a 
microscope objective. Sequential excitation of the two fluorophores is achieved with a 
multi-line, mixed gas laser, and the emitted light is split by wavelength and detected with 
two photomultiplier tubes. Such fluorescence laser scanning devices are described, e.g., 
in Schena et al, 1996, Genome Res. 6:639-645. Alternatively, the fiber-optic bundle 
described by Ferguson et al, 1996, Nature Biotech. 74:1681-1684, may be used to 
monitor mRNA abundance levels at a large number of sites simultaneously. 

Signals are recorded and, in a preferred embodiment, analyzed by computer, e.g., 
using a 12 bit analog to digital board. In one embodiment, the scanned image is 
despeckled using a graphics program (e.g., Hijaak Graphics Suite) and then analyzed 
using an image gridding program that creates a spreadsheet of the average hybridization 
at each wavelength at each site. If necessary, an experimentally determined correction for 
"cross talk" (or overlap) between the channels for the two fluors maybe made. For any 
particular hybridization site on the transcript array, a ratio of the emission of the two 
fluorophores can be calculated. The ratio is independent of the absolute expression level 
of the cognate gene, but is useful for genes whose expression is significantly modulated 
by drug administration, gene deletion, or any other tested event. 

According to the method of the invention, the relative abundance of an mRNA 
and/or an exon expressed in an mRNA in two cells or cell lines is scored as perturbed 
(i.e., the abundance is different in the two sources of mRNA tested) or as not perturbed 
(i.e., the relative abundance is the same). As used herein, a difference between the two 
sources of RNA of at least a factor of about 25% (i.e., RNA is 25% more abundant in one 
source than in the other source), more usually about 50%, even more often by a factor of 
about 2 (i.e., twice as abundant), 3 (three times as abundant), or 5 (five times as abundant) 
is scored as a perturbation. Present detection methods allow reliable detection of 
differences of an order of about 1.5 fold to about 3-fold. 
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It is, hc^Per, also advantageous to determine the rMgnitude of the relative 
difference in abundances for an mRNA and/or an exon expressed in an mRNA in two 
cells or in two cell lines. This can be carried out, as noted above, by calculating the ratio 
of the emission of the two fluorophores used for differential labeling, or by analogous 
methods that will be readily apparent to those of skill in the art. 



5.8.2. OTHER METHODS OF TRANSCRIPTIONAL STATE MEASUREMENT 

The transcriptional state of a cell may be measured by other gene expression 
technologies known in the art. Several such technologies produce pools of restriction 
fragments of limited complexity for electrophoretic analysis, such as methods combining 
double restriction enzyme digestion with phasing primers (see, e.g., European Patent O 
534858 Al, filed September 24, 1992, by Zabeau et al.), or methods selecting restriction 
fragments with sites closest to a defined mRNA end (see, e.g., Prashar et al, 1996, Proc. 
Natl. Acad. Set USA 93:659-663). Other methods statistically sample cDNA pools, such 
as by sequencing sufficient bases (e.g., 20-50 bases) in each of multiple cDNAs to 
identify each cDNA, or by sequencing short tags (e.g., 9-10 bases) that are generated at 
known positions relative to a defined mRNA end (see, e.g., Velculescu, 1995, Science 
270:484-487). 



5.9. MEASUREMENT OF OTHER ASPECTS OF THE BIOLOGICAL STATE 
In various embodiments of the present invention, aspects of the biological state 
other than the transcriptional state, such as the translational state, the activity state, or 
mixed aspects can be measured. Thus, in such embodiments, gene expression data 44 
(Fig. 1) may include translational state measurements or even protein expression 
measurements. In fact, in some embodiments, rather than using gene expression 
interaction maps based on gene expression, protein expression interaction maps based on 
protein expression maps are used. Details of embodiments in which aspects of the 
biological state other than the transcriptional state are described in this section. 



5.10. TRANSLATIONAL STATE MEASUREMENTS 
Measurement of the translational state may be performed according to several 
methods. For example, whole genome monitoring of protein (i.e., the "proteome," 
Goffeau et al, supra) can be carried out by constructing a microarray in which binding 
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dlized, preferably monoclonal, antibodiaKpecific to a plurality of 



sites comprise 



protein species encoded by the cell genome. Preferably, antibodies are present for a 
substantial fraction of the encoded proteins, or at least for those proteins relevant to the 
action of a drag of interest. Methods for making monoclonal antibodies are well known 
(see, e.g., Harlow and- Lane, 1988, Antibodies: A Laboratory Manual, Cold Spring 
Harbor, New York, which is incorporated in its entirety for all purposes). In a preferred 
embodiment, monoclonal antibodies are raised against synthetic peptide fragments 
designed based on genomic sequence of the cell. With such an antibody array, proteins 
from the cell are contacted to the array and their binding is assayed with assays known in 
the art. 

Alternatively, proteins can be separated by two-dimensional gel electrophoresis 
systems. Two-dimensional gel electrophoresis is well-known in the art and typically 
involves iso-electric focusing along a first dimension followed by SDS-PAGE 
electrophoresis along a second dimension. See, e.g., Hames et al. 9 1990, Gel 
Electrophoresis of Proteins: A Practical Approach, JRL Press, New York; Shevchenko et 
al 9 1996, Proa Natl. Acad. Set USA 93:1440-1445; Sagliocco etal, 1996, Yeast 
12:1519-1533; Lander, 1996, Science 274:536-539. The resulting electrophero grams can 
be analyzed by numerous techniques, including mass spectrometric techniques, Western 
blotting and immunoblot analysis using polyclonal and monoclonal antibodies, and 
internal and N-terminal micro-sequencing. Using these techniques, it is possible to 
identify a substantial fraction of all the proteins produced under given physiological 
conditions, including in cells (e.g P in yeast) exposed to a drug, or in cells modified by, 
e.g., deletion or over-expression of a specific gene. 

5.11. MEASURING OTHER ASPECTS OF THE BIOLOGICAL STATE 

Even though methods of this invention are illustrated by embodiments involving 
gene expression or translation, the methods of the invention are applicable to any cellular 
constituent that can be monitored. For example, where activities of proteins can be 
measured, embodiments of this invention can use such measurements. Activity 
measurements can be performed by any functional, biochemical, or physical means 
appropriate to the particular activity being characterized. Where the activity involves a 
chemical transformation, the cellular protein can be contacted with the natural 
substrate(s), and the rate of transformation measured. Where the activity involves 
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association in nTOimeric units, for example association of an activated DNA binding 
complex with DNA, the amount of associated protein or secondary consequences of the 
association, such as amounts of mRNA transcribed, can be measured. Also, where only a 
functional activity is known, for example, as in cell cycle control, performance of the 
function can be observed. However known and measured, the changes in protein 
activities form the response data analyzed by the foregoing methods of this invention. 

In some embodiments of the present invention, cellular constituent measurements 
are derived from cellular phenotypic techniques. One such cellular phenotypic technique 
uses cell respiration as a universal reporter. In one embodiment, 96-well microtiter plate, 
in which each well contains its own unique chemistry is provided. Each unique chemistry 
is designed to test a particular phenotype. Cells from the organism of interest are pipetted 
into each well. If the cells exhibits the appropriate phenotype, they will respire and 
actively reduce a tetrazolium dye, forming a strong purple color. A weak phenotype 
results in a lighter color. No color means that the cells don't have the specific phenotype. 
Color changes can be recorded as often as several times each hour. During one 
incubation, more than 5,000 phenotypes can be tested. See, for example, Bochner et al, 
2001, Genome Research 11, p. 1246. 

In some embodiments of the present invention, cellular constituent measurements 
are derived from cellular phenotypic techniques. One such cellular phenotypic technique 
uses cell respiration as a universal reporter. In one embodiment; 96-well microtiter 
plates, in which each well contains its own unique chemistry is provided. Each unique 
chemistry is designed to test a particular phenotype. Cells from the organism 46 (Pig. 1) 
of interest are pipetted into each well. If the cells exhibit the appropriate phenotype, they 
will respire and actively reduce a tetrazolium dye, forming a strong purple color. A weak 
phenotype results in a lighter color. No color means that the cells don't have the specific 
phenotype. Color changes may be recorded as often as several times each hour. During 
one incubation, more than 5,000 phenotypes can be tested. See, for example, Bochner et 
al, 2001, Genome Research 1 1, 1246-55. 

In some embodiments of the present invention, the cellular constituents that are 
measured (gene expression data 44) are metabolites. Metabolites include, but are not 
limited to, amino acids, metals, soluble sugars, sugar phosphates, and complex 
carbohydrates. Such metabolites may be measured, for example, at the whole-cell level 
using methods such as pyrolysis mass spectrometry (Irwin, 1982, Analytical Pyrolysis: A 
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Comprehensi^Jtide, Marcel Dekker, New York; Meuz^l et al, 1982, Pyrolysis 

Mass Spectrometry of Recent and Fossil Biomaterials, Elsevier, Amsterdam), 

fourier-transform infrared spectrometry (Griffiths and de Haseth,1986, Fourier transform 

infrared spectrometry, John Wiley, New York; Helm et al, 1991, J. Gen. Microbiol. 137, 

5 69-79; Naumann et al, 1991, Nature 351, 81-82; Naumann et al, 1991, In: Modern 

techniques for rapid microbiological analysis, 43-96, Nelson, W.H., ed., VCH Publishers, 

New York), Raman spectrometry, gas chromotagraphy-mass spectroscopy (GC-MS) 

(Fiehn et al, 2000, Nature Biotechnology 18, 1157-1161, capillary electrophoresis 

(CE)/MS, high pressure liquid chromatography / mass spectroscopy (HPLC/MS), as well 

10 as liquid chromatography (LC)-Electrospray and cap-LC-tandem-electrospray mass 

spectrometries. Such methods can be combined with established chemometric methods 

that make use of artificial neural networks and genetic programming in order to 

discriminate between closely related samples. 



15 5.12. EXEMPLARY DISEASES 

As discussed supra, the present invention provides ah apparatus and method for 
associating a gene with a trait exhibited by one or more organisms in a plurality of 
organisms of a single species. In some instances, the gene is associated with the trait by 
identifying a biological pathway in which the gene product participates. In some 

20 embodiments of the present invention, the trait of interest is a complex trait, such as a 
disease, e.g., a human disease. Exemplary diseases include asthma, ataxia telangiectasia 
(Jaspers and Bootsma, 1982, Proc. Natl Acad. Set U.S.A. 79: 2641), bipolar disorder, 
common cancers, common late-onset Alzheimer's disease, diabetes, heart disease, 
hereditary early-onset Alzheimer's disease (George-Hyslop et al, 1990, Nature 347: 

25 194), hereditary nonpolyposis colon cancer, hypertension, infection, maturity-onset 

diabetes of the young (Barbosa et al, 1976, Diabete Metab. 2: 160), mellitus, migraine, 
nonalcoholic fatty liver (NAFL) (Younossi, et al, 2002, Hepatology 35, 746-752), 
nonalcoholic steatohepatitis (NASH) (James & Day, 1998, J. Hepatol 29: 495-501), 
non-insulin-dependent diabetes mellitus, obesity, polycystic kidney disease (Reeders et 

30 al, 1987, Human Genetics 76: 348), psoriases, schizophrenia, steatohepatitis and 
xeroderma pigmentosum (De Weerd-Kastelein, Nat. New Biol 238: 80). Genetic 
heterogeneity hampers genetic mapping, because a chromosomal region may cosegregate 
with a disease in some families but not in others. 
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5.13. LINKAGE ANALYSIS 

This section describes a number of standard quantitative trait locus (QTL) linkage 
analysis algorithms that can be used in various embodiments of processing step 210 (Fig. 
5 2) and/or processing step 1 91 0 (Fig. 1 9). Such linkage analysis is also sometimes 
referred to as QTL analysis. See, for example, Lynch and Walsch, 1998, Genetics and 
Analysis of Quantitative Traits, Sinauer Associates, Sunderland, MA. The primary aim of 
linkage analysis is to determine whether there exist pieces of the genome that are passed 
down through each of several families with multiple afflicted organisms in a pattern that 
10 is consistent with a particular inheritance model and that is unlikely to occur by chance 
alone. In other words, the purpose of these algorithms is to identify a loci (e.g., a QTL) 
for a phenotypic trait exhibited by one or more organisms 46. A QTL is a region of a 
genome of a species that is responsible for a percentage of variation in a phenotypic trait 
in the species under study. 

1 5 The recombination fraction can be denoted by 6 and is bounded between 0 and 

0.5. If d = 0.5 for two loci, then alleles at the two loci are transmitted independently with 
half of the gametes being recombinant, for the two loci, and half parental. In this case, 
the loci are unlinked. If B < 0.5, then alleles are not transmitted independently, and the 
two loci are linked. The extreme scenario is when <9 = 0, so that the two loci are 

20 completely linked, and there will be no recombination between the two loci during 

meiosis, i.e. all gametes are parental. Linkage analysis tests whether a marker locus, of 
known location, is linked to a locus of unknown location, that influences the phenotype 
under study. In other words, a QTL is identified by comparing genotypes of organisms in 
a group to a phenotype exhibited by the group using pedigree data. The genotype of each 

25 organism at each marker in a plurality of markers in a genetic map produced by marker 
genotypic data is compared to a given phenotype of each organism. The genetic map is 
created by placing genetic markers in genetic (linear) map order so that the positional 
relationships between markers are understood. The information gained from knowing the 
relationships between markers that is provided by a marker map provides the setting for 

30 addressing the relationship between QTL effect and QTL location. 

In some embodiments of the present invention, linkage analysis is based on any of 
the QTL detection methods disclosed or referenced in Lynch and Walsch, 1998, Genetics 
andAnafyis of Quantitative Traits, Sinauer Associates, Inc., Sunderland, MA. 
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5.13.1. PHENOTYPIC DATA USED 

It will be appreciated that the present invention provides no limitation on the type 
of phenotypic data that can be used to perform QTL analysis. The phenotypic data can, 
for example, represent a series of measurements for a quantifiable phenotypic trait in a 
collection of organisms. Such quantifiable phenotypic traits can include, for example, tail 
length, life span, eye color, size and weight. Alternatively, the phenotypic data can be in 
a binary form that tracks the absence or presence of some phenotypic trait. As an 
example, a "1" can indicate that a particular species of the organism of interest possesses 
a given phenotypic trait and a "0" can indicate that a particular species of the organism of 
interest lacks the phenotypic trait. The phenotypic trait can be any form of biological data 
that is representative of the phenotype of each organism in the population under study. In 
some embodiments, the phenotypic traits are quantified and are often referred to as 
quantitative phenotypes. 



5.13.2. GENOTYPIC DATA USED 

In order to provide the necessary genotypic data for linkage analysis, the genotype 
of each marker in the genetic marker map is determined for each organism in a population 
under study. In essence, the genotypic information comprises information about 
polymorphism at each marker location in the genome of the population, under study. 
Representative forms of polymorphisms used to construct genotypic information include, 
but are not limited to, single nucleotide polymorphisms, microsatellite markers, 
restriction fragment length polymorphisms, short tandem repeats, sequence length 
polymorphisms, and DNA methylation patterns. 

Linkage analyses use the genetic map derived from marker genotypic data as the 
framework for location of QTL for any given quantitative trait. In some embodiments, 
the intervals that are defined by ordered pairs of markers are searched in increments (for 
example, 2 cM), and statistical methods are used to test whether a QTL is likely to be 
present at the location within the interval. In one embodiment, linkage analysis 
statistically tests for a. single QTL at each increment across the ordered markers in a 
genetic map. The results of the tests are expressed as lod scores, which compares the 
evaluation of the likelihood function under a null hypothesis (no QTL) with the 
alternative hypothesis (QTL at the testing position) for the purpose of locating probable 



92 



WO 2004/061616 



VvrT w , ^fc PCT/US2003/041613 

Q 1L. More c^ps on lod scores are found in Section 5. Jewell as in Lander and 

Schork, 1994, Science 265, p. 2037-2048. Interval mapping searches through the ordered 
genetic markers in a systematic, linear (one-dimensional) fashion, testing the same null 
hypothesis and using the same form of likelihood at each increment. 

5 

5.13.3. PEDIGREE DATA USED 

Linkage analysis requires pedigree data for organisms in the population under 
study in order to statistically model the segregation of markers. The various forms of 
linkage analysis can be categorized by the type of population used to generate the 
10 pedigree data (inbred versus outbred). 

Some forms of linkage analysis use pedigree data for populations that originate 
from inbred parental lines. The resulting Fj lines will tend to be heterozygous at all 
markers and QTL. From the Fi population, crosses are made. Exemplary crosses include 
backcrosses, F 2 intercrosses, F,populations (formed by randomly mating Fis for t-l 
1 5 generations), F 2:3 design (F 2 individuals are genotyped and then selfed), Design m (F 2 
from two inbred lines are backcrossed to both parental lines). Thus, in some 
embodiments of the present invention, organisms represent a population, such as an F 2 
population, and pedigree data for the F 2 population is known. This pedigree data is used 
to compute logarithm of the odds (lod) scores, as discussed in further detail below. 

20 For many organisms, including humans, manipulatable inbred lines are not 

available and outbred populations must be used to perform linkage analysis. Linkage 
analysis using outbred populations detect QTLs responsible for within-population 
variation whereas linkage analysis using inbred populations detect QTLs responsible for 
fixed differences between lines, or even different species. Using within-population 

25 variation (outbred population), as opposed to fixed differences between populations 

(inbred population) results in decreased power in QTL detection. With inbred lines, all F, 
parents have identical genotypes (including the same linkage phase), so all individuals are 
informative, and linkage disequilibrium is maximized. As with inbred lines, a variety of 
designs have been proposed for obtaining samples with linkage disequiUbrium required 

30 for linkage analysis. Typically, collections of relatives are relied upon. 

The major difference between QTL analysis using inbred-line crosses versus 
outbred populations is that while the parents in the former are genetically uniform, 
parents in the latter are genetically variable. This distinction has several consequences. 
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First, only a frac^Pof the parents from an outbred populatidrRre informative. For a 
parent to provide linkage information, it must be heterozygous at both a marker and a 
linked QTL, as only in this situation can a marker-trait association be generated in the 
progeny. Only a fraction of random parents from an outbred population are such double 
heterozygotes. With inbred lines, Ffs are heterozygous at all loci that differ between the 
crossed lines, so that all parents are fully informative. Second, there are only two alleles 
segregating at any locus in an inbred-line cross design, while outbred populations can be 
segregating any number of alleles. Finally, in an outbred population, individuals can 
differ in marker-QTL linkage phase, so that an M-bearing gamete might by associated 
with QTL allele Q in one parent, and with q in another. Thus, with outbred populations, 
marker-trait associations might be examined separately for each parent. With inbred-line 
crosses, all F t parents have identical genotypes (including linkage phase), so one can 
average marker-trait associations over all off-spring, regardless of their parents. See 
Lynch and Walsh, Genetics and Analysis of Quantitative Traits, Sinauer Associates, 
Sunderland, Massachusetts. 



5.13.4. MODEL FREE VERSUS MODEL BASED LINKAGE ANALYSIS 

Linkage analyses can generally be divided into two classes: model-based linkage 
analysis and model-free linkage analysis. Model-based linkage analysis assumes a model 
for the mode of inheritance whereas model-free linkage analysis does not assume a mode 
of inheritance. Model-free linkage analyses are also known as allele-sharing methods and 
non-parametric linkage methods. Model-based linkage analyses are also known as 
"maximum likelihood" and "lod score" methods. Either form of linkage analysis can be 
used in the present invention. 

Model-based linkage analysis is most often used for dichotomous traits and 
requires assumptions for the trait model. These assumptions include the disease allele 
frequency and penetrance function. For a disease trait, particularly those of interest to 
public health, the true underlying model is complex and unknown, so that these 
procedures are not applicable. The other form of linkage analysis (model-free linkage 
analysis) makes use of allele-sharing. Allele-sharing methods rely on the idea that 
relatives with similar phenotypes should have similar genotypes at a marker locus if and 
only if the marker is linked to the locus of interest. Linkage analyses are able to localize 
the locus of interest to a specific region of a chromosome, but the scope of resolution is 
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typically limited^Po less than 5 cM or roughly 5000 kb. ^W^ore information on 

model-based and model-free linkage analysis, see Olson et al 9 1999, Statistics in 

Medicine 18, p. 2961-2981; Lander and Schork 1994, Science 265, p. 2037; and Elston, 

1998, Genetic Epidemiology 15, p. 565, as well as the sections below. 



5.13.5. KNOWN PROGRAMS FOR PERFORMING LINKAGE ANALYSIS 

Many known programs can be used to perform linkage analysis in accordance 
with this aspect of the invention. One such program is MapMaker/QTL, which is the 
companion program to MapMaker and is the original QTL mapping software. 
MapMaker/QTL analyzes F2 or backcross data using standard interval mapping. Another 
such program is QTL Cartographer, which performs single-marker regression, interval 
mapping (Lander and Botstein, Id.\ multiple interval mapping and composite interval 
mapping (Zeng, 1993, PNAS 90: 10972-10976; and Zeng, 1994, Genetics 136: 
1457-1468). QTL Cartographer permits analysis from F 2 or backcross populations. QTL 
Cartographer is available from http://statgen.ncsu. edu/qtlcart/cartographer.html (North 
Carolina State University). Another program that can be used by processing step 1 14 is 
Qgene, which performs QTL mapping by either single-marker regression or interval 
regression (Martinez and Curnow 1994 Heredity 73 :198-206) . Using Qgene, eleven 
different population types (all derived from inbreeding) can be analyzed. Qgene is 
available from http://www.qgene.org/. Yet another program is MapQTL, which conducts 
standard interval mapping (Lander and Botstein, Id), multiple QTL mapping (MQM) 
(Jansen, 1993, Genetics 135: 205-211; Jansen, 1994, Genetics 138: 871-881), and 
nonparametric mapping (Kruskal-Wallis rank sum test). MapQTL can analyze a variety 
of pedigree types including outbred pedigrees (cross pollinators). MapQTL is available 
from Plant Research International, Plant Research International, P.O. Box 16, 6700 AA 
Wageningen, The Netherlands; 

http://www.plant.wageningen-ur.nydefaxilt.asp?section=^roducts). Yet another program 
that may be used in some embodiments of processing step 210 is Map Manager QT, 
which is a QTL mapping program (Manly and Olson, 1999, Mamm Genome 10: 
327-334). Map Manager QT conducts single-marker regression analysis, 
regression-based simple interval mapping (Haley and Knott, 1992, Heredity 69, 
315-324), composite interval mapping (Zeng 1993, PNAS 90: 10972-10976), and 
permutation tests. A description of Map Manager QT is provided by the reference Manly 
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and Olson, l^|Dverview of QTL mapping software an^roduction to Map Manager 
QT, Mammalian Genome 10: 327-334. 

Yet another program that may be used to perform linkage analysis is MultiCross 
QTL, which maps QTL from crosses originating from inbred lines. MultiCross QTL uses 
5 a linear regression-model approach and handles different methods such as interval 

mapping, all-marker mapping, and multiple QTL mapping with cofactors. The program 
can handle a wide variety of simple mapping populations for inbred and outbred species. 
MultiCross QTL is available from Unite de Biometrie et Intelligence Artificielle, INRA, 
3 1326 Castanet Tolosan, France. 

1 0 Still another program that can be used to perform linkage analysis is QTL Cafe. 

The program can analyze most populations derived from pure line crosses such as F 2 
crosses, backcrosses, recombinant inbred lines, and doubled haploid lines. QTL Cafe 
incorporates a Java implementation of Haley & Knotts' flanking marker regression as 
well as Marker regression, and can handle multiple QTLs. The program allows three 

1 5 types of QTL analysis single marker ANOVA, marker regression (Kearsey and Hyne, 

1994, Theor. Appl. Genet., 89: 698-702), and interval mapping by regression, (Haley and 
Knott, 1992, Heredity 69: 315-324). QTL Cafe is available from 
. http://web.bham.ac.Uk/g.g.seaton/. 

Yet another program that can be used to perform linkage analysis is MAPL, which 
performs QTL analysis by either interval mapping (Hayashi and Ukai, 1994, Theor. Appl. 
Genet. 87: 1021-1027) or analysis of variance. Different population types including F 2 , 
back-cross, recombinant inbreds derived from F 2 or back-cross after a given generations 
of selfing can be analyzed. Automatic grouping and ordering of numerous markers by 
metric multidimensional scaling is possible. MAPL is available from the Institute of 
Statistical Genetics on Internet (ISGI), Yasuo, UKAI, http://web.bham.ac.Uk/g.g.seaton/. 

Another program that can be used for linkage analysis is R/qtl. This program 
provides an interactive environment for mapping QTLs in experimental crosses. R/qtl 
makes uses of the hidden Markov model (HMM) technology for dealing with missing 
genotype data. R/qtl has implemented many HMM algorithms, with allowance for the 
30. presence of genotyping errors, for backcrosses, intercrosses, and phase-known four-way 
crosses. R/qtl includes facilities for estimating genetic maps, identifying genotyping 
errors, and performing single-QTL genome scans and two-QTL, two-dimensional 
genome scans, by interval mapping with Haley-Knott regression, and multiple 
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imputation. R/q^Rvailable from Karl W. Broman, Johns F^kins University, 
http://biosun01.biostat.jhsph.edu/~kbroman/qtl/. 

Those of skill in the art will appreciate that there are several other programs and 
algorithms that can be used in the steps of the methods of the present invention where 
quantitative genetic analysis is needed, and all such programs and algorithms are within 
the scope of the present invention. 



5.13.6. MODEL-BASED PARAMETRIC LINKAGE ANALYSIS 

In model-based linkage analysis, (also termed "LOD score" methods or 
parametric methods), the details of a traits mode of inheritance is being modeled. 
Typically, particular values of the allele frequencies and the penetrance function ; 
specified. 



5.13.6.1. INTERVAL MAPPING VIA MAXIMUM LIKELIHOOD / INBRED 

POPULATION 

In one embodiment of the present invention, linkage analysis comprises QTL 
interval mapping in accordance with algorithms derived from those first proposed by 
Lander and Botstein, 1989, "Mapping Mendelian factors underlying quantitative traits 
using KFLP linkage maps," Genetics 121: 185-199. The principle behind interval 
mapping is to test a model for the presence of a QTL at many positions between two 
mapped marker loci. The model is fit, and its goodness is tested using a technique such 
as the maximum likelihood method. Maximum likelihood theory assumes that when a 
QTL is located between two biallelic markers, the genotypes (i.e. AABB, AAbb, aaBB, 
aabb for doubled haploid progeny) each contain mixtures of quantitative trait locus (QTL) 
genotypes. Maximum likelihood involves searching for QTL parameters that give the 
best approximation for quantitative trait distributions that are observed for each marker 
class. Models are evaluated by computing the likelihood of the observed distributions 
with and without fitting a QTL effect. 

In some embodiments of the present invention, linkage analysis is performed 
using the algorithm of Lander, as implemented in programs such as GeneHunter. See, for 
example, Kruglyak et al, 1996, Parametric and Nonparametric Linkage Analysis: A 
Unified Multipoint Approach, American Journal of Human Genetics 58:1347-1363, 
Kruglyak and Lander, 1998, Journal of Computational Biology 5:1-7; Kruglyak, 1996, 
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Amencan Jou^pof Human Genetics 58, 1347-1363. In embodiments, unlimited 
markers may be used but pedigree size is constrained due to computational limitations. In 
other embodiments, the MENDEL software package is used. (See 
http://bimas.dcrt.nm.gov/linkage/ltools.html). In such embodiments, the size of the 
pedigree can be unlimited but the number of markers that can be used in constrained due 
to computational limitations. The techniques described in this Section typically require 
an inbred population. 



5.13.6.2. INTERVAL MAPPING USING LINEAR REGRESSION / INBRED 
10 POPULATION 

In some embodiments of the present invention, interval mapping is based on 

regression methodology and gives estimates of QTL position and effect that are similar to 

those given by the maximum likelihood method. Since the QTL genotypes are unknown 

in mapping based on regression methodology, genotypes are replaced by probabilities 

1 5 estimated using genotypes at the nearest flanking markers or all linked markers. See, e.g., 

Haley and Knott, 1992, Heredity 69, 315-324; and Jiang and Zeng, 1997, Genetica 

101 :47-58. The techniques described in this Section typically require an inbred 

population. 



20 5.13.7. MODEL-FREE NONPARAMETRIC LINKAGE ANALYSIS 

Model-based linkage analysis (classical linkage analysis) calculates a lod score 
that represents the chance that a given loci in the genome is genetically linked to a trait, 
assuming a specific mode of inheritance for the trait. Namely the allele frequencies and 
penetrance values are included as parameters and are subsequently estimated. In the case 

25 of complex diseases, it is often difficult to model with any certainty all the causes of 

familial aggregation. In other words, when the trait exhibits non-mendelian segregation it 
can be difficult to obtain reliable estimates of penetrance values, including phenocopy 
risks, and the allele frequency of the disease mutation. Indeed it can be the case that 
different mutations at different loci have different kinds of effect on susceptibility, some 

30 major and some minor, some dominant and some recessive. If different modes of 

transmission are operative in different families, or if different loci interact in the same 
family, then no one transmission model may be appropriate. It is conceivable that if the 
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transmission for a linkage analysis is specified inc^&tly the results produced 

from it will not be valid nor interpretable. 

As a result of the difficulties described above, a variety of methods have been 
developed to test for linkage without the need to specify values for the parameters 
5 defining the transmission model, and these methods are termed model-free linkage 
analyses (meaning that they can be applied without regard to the true transmission 
model). Such methods are based on the premise that relatives who are similar with 
respect to the phenotype of interest will be similar at a marker locus, sharing identical 
marker alleles, only if a locus underlying the phenotype is linked to the marker. 

10 Model-free linkage analyses (allele-sharing methods) are not based on 

constructing a model, but rather on rejecting a model. Specifically, one tries to prove that 
the inheritance pattern of a chromosomal region is not consistent with random Mendelian 
segregation by showing that affected relatives inherit identical copies of the region more 
often then expected by chance. Affected relatives should show excess allele sharing in 

1 5 regions linked to the QTL even in the presence of incomplete penetrance, phenocopy, 
genetic heterogeneity, and high-frequency disease alleles. 



5.13.7.1. IDENTICAL BY DESCENT - AFFECTED PEDIGREE MEMBER (IBD- 
APM) ANALYSIS / OUTBRED POPULATION 

20 In one embodiment, nonparametric linkage analysis involves studying affected 

relatives 46 (Fig. 1) in a pedigree 310 to see how often a particular copy of a 
chromosomal region is shared identical-by descent (IBD), that is, is inherited from a 
common ancestor within the pedigree. The frequency of IBD sharing at a locus can then 
be compared with random expectation. An identity-by-descent affected-pedigree- 

25 member (IBD-APM) statistic can be defined as: 

u 

where Xij(s) is the number of copies shared IBD at position s along a chromosome, and 
where the sum is taken over all distinct pairs (ij) of affected relatives 46 in a pedigree 
310. The results from multiple families can be combined in a weighted sum T(s). 
30 Assuming random segregation, 7T[s) tends to a normal distribution with a mean n and a 
variance a that can be calculated on the basis of the kinship coefficients of the relatives 
compared. See, for example, Blackwelder and Elston, 1985, Genet. Epidemiol. 2, p.85; 
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Whittemore anc^^em, 1994, Biometrics 50, p. 1 18; WeJHhd Lange, 1988, Am. J. 

Hum. Genet. 42, p. 315; and Elston, 1998, Genetic Epidemiology 15, p. 565. Deviation 

from random segregation is detected when the statistic (T-/i)/a exceeds a critical 

threshold. The techniques in this section typically use an outbred population. 



5 



5.13.7.2. AFFECTED SD3 PAIR ANALYSIS / OUTBRED POPULATION 

Affected sib pair analysis is one form of IBD-APM analysis (Section 5.13.7.1). 
For example, two sibs can show 1BD sharing for zero, one, or two copies of any locus 
(with a 25%-S0%-25% distribution expected under random segregation). If both parents 

10 are available, the data can be partitioned into separate IBD sharing for the maternal and 
paternal chromosome (zero or one copy, with a 50%-50% distribution expected under 
random segregation). In either case, excess allele sharing can be measured with a X 2 test. 
In the ASP approach, a large number of small pedigrees (affected siblings and their 
parents) are used. DNA samples are collected from each organism and genotyped using a 

15 large collection of markers (e.g., microsatellites, SNPs). Then a check for functional 

polymorphism is performed. See, for example, Suarez et aL, 1978, Ann. Hum. Genet. 42, 
p.87; Weitkamp, 1981, N. Engl. J. Med. 305, p.1301; Knapp et aL, 1994, Hum. Hered. 
44, p. 37; Holmans, 1993, Am. J. Hum. Genet. 52, p. 362; Rich et aL, 1991, 
Diabetologica 34, p. 350; Owerbach and Gabbay, 1994, Am. J. Hum. Genet. 54, p. 909; 

20 and Berrettini et aL, Proc. Natl. Acad. Sci. USA 91, p. 5918. For more information on 
Sib pair analysis, see Hamer et aL, 1993, Science 261, p. 321. 

In some embodiments, ASP statistics that test whether affected siblings pairs have 
a mean proportion of marker genes identical-by-descent that is > 0.50 were computed. 
See, for example, Blackwelder and Elston, 1985, Genet. Epidemiol. 2, p. 85. In some 

25 embodiments, such statistics are computed using the SIBPAL program of the SAGE 
package. See, for example, Tran et aL 1991, (SIB-PAL) Sib-pair linkage program 
(Elston, New Orleans), Version 2.5. These statistics are computed on all possible 
affecte d pairs. In some embodiments the number of degrees of freedom of the t test is set 
a ±e number of independent affected pairs (defined per sibship as the number of affected 

30 individuals minus 1) in the sample instead of the number of all possible pairs. See, for 

example, Suarez and Eerdewegh, 1984, Am. J. Med. Genet. 18, p. 135. The techniques in 
this section typically use an outbred population. 
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5.13.7.3. Il^priCAL BY STATE - AFFECTED pKrEE MEMBER (IBS- 
APM) ANALYSIS / OUTBRED POPULATION 

In some instances, it is not possible to tell whether two relatives inherited a 

chromosomal region IBD, but only whether they have the same alleles at genetic markers 

5 in the region, that is, are identical by state (IBS). IBD can be inferred from IBS when a 

dense collection of highly polymorphic markers has been examined, but the early stages 

of genetic analysis can involve sparser maps with less informative markers so that IBD 

status can not be determined exactly. Various methods are available to handle situations 

in which IBD cannot be inferred from IBS. One method infers IBD sharing on the basis 

10 of the marker data (expected identity by descent affected-pedigree-member; IBD-APM). 

See, for example, Suarez et al, 1978, Ann. Hum. Genet. 42, p. 87; and Amos et al, 1990, 

Am J. Hum. Genet. 47, p. 842. Another method uses a statistic that is based explicitly on 

IBS sharing (an IBS-APM method). See, for example, Weeks and Lange, 1988, Am J. 

Hum. Genet. 42, p. 315; Lange, 1986, Am. J. Hum. Genet. 39, p. 148; Jeunemaitre et al, 

1992, Cell 71, p. 169; and Pericak-Vance et al, 1991, Am. J. Hum. Genet. 48, p. 1034. 

In one embodiment the IBS-APM techniques of Weeks and Lange, 1988, Am J. 
Hum. Genet. 42, p. 315; and Weeks and Lange, 1992, Am. L Hum. Genet. 50, p. 859 are 
used. Such techniques use marker information of affected individuals to test whether the 
affected persons within a pedigree are more similar to each other at the marker locus than 

20 would be expected by chance. In some embodiments, the marker similarity is measured 
in terms of identity by state. In some embodiments, the APM method uses a marker allele 
frequency weighting function,Xp), where p is the allele frequency, and the APM test 
statistics are presented separately for each of three different weighting funcuons,/(p>=l, 
flp)=v4p , andfip) = Hp. Whereas the second and third functions render the sharing 

25 of a rare allele among affected persons a more significant event, the first weighting 

function uses the allele frequencies only in calculation of the expected degree of marker 
allele sharing. The third function,^) = \lp, can lead (more frequently than the first two) 
to a non-normal distribution of the test statistic. The second function is a reasonable 
compromise for generating a normal distribution of the test statistic while incorporating 

30 an allele frequency function, hi some instances, the APM test statistics are sensitive to 
marker locus and allele frequency misspecification. See, for example, Babron, et al, 
1993, Genet. Epidemiol. 10, p. 389. In some embodiments, allele frequencies are 
estimated from the pedigree data using the method of Boehnke, 1991, Am J. Hum. Genet. 
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48, p. 22, or by f^Ring alleles. See, also, for example, BerSRii et al, 1994, Proc. Natl. 
Acad. Sci. USA 91, p. 5918. 

In some embodiments, the significance of the APM test statistics is calculated 
from the theoretical (normal) distribution of the statistic. In addition, numerous replicates 
{e.g., 10,000) of these data, assuming independent inheritance of marker alleles and 
disease (i.e., no linkage), are simulated to assess the probability of observing the actual 
results (or a more extreme statistic) by chance. This probability is the empirical P value. 
Each replicate is generated by simulating an unlinked marker segregating through the 
actual pedigrees. An APM statistic is generated by analyzing the simulated data set 
exactly as the actual data set is analyzed. The rank of the observed statistic in the 
distribution of the simulated statistics determines the empirical P value. The techniques 
in this section typically use an outbred population. 



5.13.7.4. QUANTITATIVE TRAITS 

Model-free linkage analysis can also be applied to quantitative traits. An 
approach proposed by Haseman and Elston, 1972, Behav. Genet 2, p. 3, is based on the 
notion that the phenotypic similarity between two relatives should be correlated with the 
number of alleles shared at a trait-causing locus. Formally, one performs regression 
analysis of the squared difference A 2 in a trait between two relatives and the number x of 
alleles shared IBD at a locus. The approach can be suitably generalized to other relatives 
(Blackwelder and Elston, 1982, Commun. Stat. Theor. Methods 11, p. 449) and 
multivariate phenotypes (Amos et al, 1986, Genet. Epidemiol. 3, p. 255). See also, 
Marsh et al, 1994, Science 264, p. 1 152, and Morrison et al, 1994, Nature 367, p. 284; 
Amos, 1994, Am. J. Hum Genet. 54, p. 535; and Elston, Am J. Hum. Genet. 63, p. 931. 

5.14. ASSOCIATION ANALYSIS 

This section describes a number of association tests that can be used in the present 
invention. Association studies can be done with samples of pedigrees or samples of 
unrelated individuals. Further, association studies can be done for a dichotomous trait 
(e.g., disease) or a quantitative trait. See, for example, Nepom and Ehrlich, 1991, Annu. 
Rev. Immunol. 9, p. 493; Strittmatter and Roses, 1996, Annu. Rev. Neurosci. 19, p. 53; 
Vooberg et al., 1994, Lancet 343, p. 1535; Zoller et al., Lancet 343, p. 1536; Bennet et'al., 
1995, Nature Genet. 9, p. 284; Grant et al., 1996, Nature Genet. 14, p. 205; and Smith et ' 
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al., 1997, Scien<^P7, p. 959. As such, association studies fflRvhether a disease and an 
allele show correlated occurrence across the population, whereas linkage studies 
determine whether there is correlated transmission within pedigrees. 

Whereas linkage analysis involves the pattern of transmission of gametes from 
one generation to the next, association is a property of the population of gametes. 
Association exists between alleles at two loci if the frequency, with which they occur 
within the same gamete, is different from the product of the allele frequencies. If this 
association occurs between two linked loci, then utilizing the association will allow for 
fine localization, since the strength of association is in large part due to historical 
recombinations rather than recombination within a few generations of a family. In the 
simplest scenario, association arises when a mutation, which causes disease, occurs at a 
locus at some time, t„. At that time, the disease mutation occurs on a specific genetic 
background composed of the alleles at all other loci; thus, the disease mutation is 
completely associated with the alleles of this background. As time progresses, 
recombination occurs between the disease locus and all other loci, causing the association 
to (liminish. Loci that are closer to the disease locus will generally have higher levels of 
association, with association rapidly dropping off for markers further away. The reliance 
of association on evolutionary history can provide localization to a region as small as 50- 
75 kb. Association is also called linkage disequiUbrium. Association (linkage 
disequilibrium) can exist between alleles at two loci without the loci being linked. 

Two forms of association analysis are discussed in the sections below, population 
based association analysis and family based association analysis. More generally, those 
of skill in the art with appreciate that there are several different forms of association 
analysis, and all such forms of association analysis can be used in steps of the present 
invention that require the use of quantitative genetic analysis. 

In some embodiments, whole genome association studies are performed in 
accordance with the present invention. Two methods can be used to perform whole- 
genome association studies, the "direct-study" approach and the "indirect-study" 
approach. In the direct-study approach, all common functional variants of a given gene 
are catalogued and tested directly to determine whether there is an increased prevalence 
(association) of a particular functional variant in affected individuals within the coding 
region of the given gene. The "indirect-study" approach uses a very dense marker map 
that is arrayed across both coding and noncoding regions. A dense panel of 
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polymorphisi^pg., SNPs) from such a map can be tester controls to identify 

associations that narrowly locate the neighborhood of a susceptibility or resistance gene. 

This strategy is based on the hypothesis that each sequence variant that causes disease 

must have arisen in a particular individual at some time in the past, so the specific alleles 

5 for polymorphisms (haplotype) in the neighborhood of the altered gene in that individual 

can be inherited in all of his or her descendants. The presence of a recognizable ancestral 

haplotype therefore becomes an indicator of the disease-associated polymorphism. In 

actuality, some of the alleles will be in association while others will not due to 

recombination occurring between the mutation and other polymorphisms. 
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5.14.1. POPULATION-BASED (MODEL-FREE) ASSOCIATION ANALYSIS 

In population-based (model-free) association studies, allele frequencies in 
afflicted organisms are contrasted with allele frequencies in control organisms in order to 
determine if there is an association between a particular allele and a complex trait. 
15 Population-based association studies for dichotomous traits are also referred to as case- 
control studies. A case-control study is based on the comparison of unrelated affected 
and unaffected individuals from a population. An allele A at a gene of interest is said to 
be associated with the phenotype if it occurs at significantly higher frequency among 
affected compared with control individuals. Statistical significance can be tested by a 
number a methods, including, but not limited to, logistic regression. Association studies 
are discussed in Lander, 1996, Science 274, 536; Lander and Schork, 1994, Science 265, 
2037; Risch and Merikangas, 1996, Science 273, 1516; and Collins et al, 1997, Science 
278, 1533. 

As is true for case-control studies generally, confounding is a problem for 
25 inferring a causal relationship between a disease and a measured risk factor using 

population-based association analysis. One approach to deal with confounding is the 
matched case-control design, where individual controls are matched to cases on potential 
confounding factors (for example, age and sex) and the matched pairs are then examined 
individually for the risk factor to see if it occurs more frequently in the case than in its 
30 matched control. In some embodiments, cases and controls are ethnically comparable. In 
other words, homogeneous and randomly mating populations are used in the association 
analysis. In some embodiments, the family-based association studies described below are 
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used to minimiz^P effects of confounding due to geneticalPeterogeneous 

populations. See, for example, Risch, 2000, Nature 405, p. 847. 



10 



15 



5.14.2. FAMILY-BASED ASSOCIATION ANALYSIS 

Family-based association analysis is used in some embodiments of the invention. 
In some embodiments, each affected organism is matched with one or more unaffected 
siblings (see, for example, Curtis, 1997, Ann. Hum. Genet. 61, p. 319) or cousins (see, for 
example, Witte, et al, 1999, Am J. Epidemiol. 149, p. 693) and analytical techniques for 
matched case-control studies is used to estimate effects and to test a hypotheses. See, for 
example, Breslow and Day, 1989, Statistical methods in cancer research I, The analysis of 
case-control studies 32, Eyon: IARC Scientific Publications. The following subsections 
describe some forms of family-based association studies. Those of skill in the art will 
recognize that there are numerous forms of family-based association studies and all such 
methodologies can be used in the present invention. 



5.14.2.1. HAPLOTYPE RELATIVE RISK TEST 

In some embodiments, the haplotype relative risk test is used. In the haplotype 
relative risk method, all marker alleles compared arise from the same person. The marker 
alleles that parents transmit to an affected offspring (case alleles) are compared with those 
20 that they do not transmit to such an offspring (control alleles). One can also compare 

transmitted and nontransmitted genotypes. Consider the 2n parents of n affected persons. 
This population can be classified into a fourfold table according to whether the 
transmitted allele is a marker allele (M) or some other allele M and according to whether 
the nontransmitted allele is similarly Mot M: 

Nontransmitted allele 
Transmitted allele M ~M~ Total 
_ — ■ ^ — 

M c d c+d 

a+c b+d 2n=a+b+c+d 
25 ~~ " — 
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To tes^passociation, a determination is made as^Phether the proportion of M 

alleles that are transmitted, a/(a+b), differs significantly from the proportion of M alleles 
that are nontransmitted, a/(a+c). One appropriate statistical test for this determination is 
comparison of (b-c) 2 /(b+c) to a chi-square distribution with one degree of freedom when 
5 the sample is large. 

The row totals for the table above are the numbers of transmitted alleles that are M 
and M , while the column totals are the numbers of nontransmitted alleles that are M and 
M . These four totals can be put into a fourfold table that classifies the 4n parental 
alleles, rather than the 2n parents: 
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Marker allele Transmitted Non-transmitted 



Total 



M a+b ^ 2a+b+c 

M c+d b+d b+c+2d 

Total 2n 2n 4 n 



The haplotype relative risk ratio is defined as (a+b)(c+d)/(a+c)(c+d). A chi- 
square distribution using one degree of freedom can be used to detennine whether the 
haplotype relative risk ratio differs significantly from one. See, for example, Rudorfer, et 
al, 1984, Br. J. Clin. Pharmacol. 17, 433; Mueller and Young, 1997, Emery's Elements of 
15 Medical Genetics, Kalow ed., p. 169-175, Churchill Livingstone, Edinburgh; and Roses, 
2000, Nature 405, p. 857, Elson, 1998, Genetic Epidemilogy, 1 5, p. 565. 



5.14.2.2. TRANSMISSION EQUILIBRIUM TEST 
In some embodiments, the transmission equilibrium test (TDT) is used. TDT 
20 considers parents who are heterozygous for an allele and evaluates the frequency with 
which that allele is transmitted to affected offspring. By restriction to heterozygous 
parents, the TDT differs from other model-free tests for association between specific 
a/kles of a polymorphic marker and a disease locus. The parameters of that locus, 
genotypes of sampled individuals, linkage phase, and recombination frequency are not 
25 specified. Nevertheless, by considering only heterozygous parents, the TDT is specific 
for association between linked loci. 
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TDT is a^^of linkage and association that is valid SKterogeneous populations. 
It was originally proposed for data consisting of families ascertained due to the presence 
of a diseased child. The genetic data consists of the marker genotypes for the parents and 
child. The TDT is based on transmissions, to the diseased child, from heterozygous 
parents, or parents whose genotypes consist of different alleles. In particular, consider a 
biallelic marker with alleles Mi and M 2 . The TDT counts the number of times, «, 2 , that 
MiM 2 parents transmit marker allele Mi to the diseased child and the number of times, 
n 2 i„ that M 2 is transmitted. If the marker is not linked to the disease locus, i.e. B = 0.5, or 
if there is no association between Mi and the disease mutation, then conditional on the 
number of heterozygous parents, and in the absence of segregation distortion, 7*12 is 
distributed binomially: B(» 12 + « 2l , 0.5). The null hypothesis of no linkage or no 
association can be tested with the statistic 

T - (ftl2~~M2l) 2 

-L TDT , 

fibrin 

with statistical significance level approximated using the *2 distribution with one df or 
computed exactly with the binomial distribution. When transmissions from more than 
one diseased child per family are included in the TDT statistic, the test is valid only as a 
test of linkage. 

Several extensions of the TDT test have been proposed and all such extensions are 
within the scope of the present invention. See, for example, Mortin and Collins, 1998, 
Proc. Natl. Acad. Sci. USA 95, p. 1 1389; Terwilliger, 1995, Am J Hum Genet 56, p. 777. 
See also, for example, Mueller and Young, 1997, Emery's Elements of Medical Genetics, 
Kalow ed., p. 169-175, Churchill Livingstone, Edinburgh; Zhao et al, 1998, Am. J. Hum. 
Genet. 63, p. 225; Roses, 2000, Nature 405, p. 857; Spielman et al., 1993, Am J. Hum. 
Genet. 52, p. 506; and Ewens and Spielman; Am. H. Hum. Genet. 57, p. 455. 



5.14.2.3. SIBSHIP-BASED TEST 

In some embodiments, the sibsbip-based test is used. See, for example, Wiley, 
1998, Cur. Pharmaceut. Des. 4, p. 417; Blackstock and Weir, 1999, Trends Biotechnol. 
17, p. 121; Kozian and Kirschbaum, 1999, Trends Biotechnol. 17, p. 73; Rockett et al., 
Xenobiotica29, p. 655; Roses, 1994, J. Neuropathol. Exp. Neurol 53, p. 429; and Roses, 
2000, Nature 405, p. 857. 
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5.15. COMPLEX TRAITS 

In some embodiments of the present invention, the term "complex trait" refers to 
any clinical trait T that does not exhibit classic Mendelian inheritance. In some 
embodiments, the term "complex trait" refers to a trait that is affected by two or more 
gene loci. In some embodiments, the term "complex trait" refers to a trait that is affected 
by two or more gene loci in addition to one or more factors including, but not limited to, 
age, sex, habits, and environment.. See, for example, Lander and Schork, 1994, Science 
265: 2037. Such "complex" traits include, but are not limited to, susceptibilities to heart 
disease, hypertension, diabetes, obesity, cancer, and infection. Complex traits arise when 
the simple correspondence between genotype and phenotype breaks down, either because 
the same genotype can result in different phenotypes (due to the effect of chance, 
environment, or interaction with other genes) or different genotypes can result in the same 
phenotype. 

In some embodiments, a complex trait is one in which there exists no genetic 
marker that shows perfect cosegregation with the trait due to incomplete penetrance, 
phenocopy, and/or nongenetic factors {e.g., age, sex, environment, and affect or other 
genes). Incomplete penetrance means that some individuals who inherit a predisposing 
allele may not manifest the disease. Phenocopy means that some individuals who inherit 
no predisposing allele may nonetheless get the disease as a result of environmental or 
random causes. Thus, the genotype at a given locus may affect the probability of disease, 
but not fully determine the outcome. The penetrance functionXG), specifying the 
probability of disease for each genotype G, may also depend on nongenetic factors such 
as age, sex, environment, and other genes. For example, the risk of breast cancer by ages 
40, 55, and 80 is 37%, 66%, and 85% in a woman carrying a mutation at the BCRA1 locus 
as compared with 0.4%, 3%, and 8% in a noncarrier (Easton et ah, 1993, Cancer Surv. 
18: 1995; Ford et al, 1994, Lancet 343: 692). In such cases, genetic mapping is 
hampered by the fact that a predisposing allele may be present in some unaffected 
individuals or absent in some affected individuals. 

In some embodiments a complex trait arises because any one of several genes may 
result in identical phenotypes (genetic heterogeneity). In cases where there is genetic 
heterogeneity, it may be difficult to determine whether two patients suffer from the same 
disease for different genetic reasons until the genes are mapped. Examples of complex 
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diseases that ai^p U c to genetic heterogeneity in humans flide polycystic kidney 

disease (Reeders et al, 1987, Human Genetics 76: 348), early-onset Alzheimer's disease 
(George-Hyslop et al, 1990, Nature 347: 194), maturity-onset diabetes of the young 
(Barbosa et al, 1976, Diabete Metab. 2: 160), hereditary nonpolyposis colon cancer 
5 (Fishel et al., 1993, Cell 75: 1027) ataxia telangiectasia (Jaspers and Bootsma, 1982, 
Proc. Natl. Acad. Sci. U.S.A. 79: 2641), obesity, nonalcoholic steatohepatitis (NASH) 
(James & Day, 1998, J. Hepatol. 29: 495-501), nonalcoholic fatty liver (NAFL) 
(Younossi, et al., 2002, Hepatology 35, 746-752), and xeroderma pigmentosum (De 
Weerd-Kastelein, Nat. New Biol. 238: 80). Genetic heterogeneity hampers genetic 
1 0 mapping, because a chromosomal region may cosegregate with a disease in some families 
but not in others. 

Jji still other embodiments, a complex trait arises due to the phenomenon of 
polygenic inheritance. Polygenic inheritance arises when a trait requires the simultaneous 
presence of mutations in multiple genes. An example of polygenic inheritance in humans 

15 is one form of retinitis pigmentosa, which requires the presence of heterozygous 

mutations at the perpherin / RDS and ROM1 genes (Kajiwara et al, 1994, Science 264: 
1604). It is believed that the proteins coded by RDS and ROM1 are thought to interact in 
the photoreceptor outer pigment disc membranes. Polygenic inheritance complicates 
genetic mapping, because no single locus is strictly required to produce a discrete trait or 

20 • a high value of a quantitative trait. 

hi yet other embodiments, a complex trait arises due to a high frequency of 
disease-causing allele "D". A high frequency of disease-causing allele will cause 
difficulties in mapping even a simple trait if the disease-causing allele occurs at high 
frequency in the population. That is because the expected Mendelian inheritance pattern 

25 of disease will be confounded by the problem that multiple independent copies of D may 
be segregating in the pedigree and that some individuals may be homozygous for D, in 
which case one will not observe linkage between D and a specific allele at a nearby 
genetic marker, because either of the two homologous chromosomes could be passed to 
an affected offspring. Late-onset Alzheimer's disease provides one example of the 

30 problems raised by high frequency disease-causing alleles. Initial linkage studies found 
weak evidence of linkage to chromosome 1 9q, but they were dismissed by many 
observers because the lod score (logarithm of the likelihood ratio for linkage) remained 
relatively low, and it was difficult to pinpoint the linkage with any precision (Pericak- 
Vance et al, 1991, Am J. Hum. Genet. 48: 1034). The confusion was finally resolved 
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with the discove^^at the apolipoprotein E type 4 allele apjSK to be the major 
causative factor on chromosome 19. The high frequency of the allele (about 16% in most 
populations) had interfered with the traditional linkage analysis (Corder et al, 1993, 
Science 261 : 921). High frequency of disease-causing alleles becomes an even greater 
5 problem if genetic heterogeneity is present. 



5.16. ALGORITHMS FOR ELUCIDATING GENES THAT AFFECT A 
COMPLEX TRAIT USING eQTL-cQTL OVERLAP 

The present invention provides additional methods for associating a gene with a 

10 complex trait. Fig. 19, discloses one such method. Referring to Fig. 19, the first step is to 
assemble starting data (step 1902). The starting data includes the gene expression data 
44, marker data 70, and genotype and pedigree data 68 as described in Section 5.1 in 
conjunction with Fig. 1. Marker data 70 includes genome annotation information {e.g., 
where a gene is located within the genome). In some embodiments, rather than using 

1 5 gene expression data 44, data such as protein expression levels in a plurality of organisms 
under study is used. In some embodiments, gene expression data 44 is collected from 
multiple different tissue types. In addition, in some embodiments, phenotypic data is 
gathered in step 1902. The phenotypic data 95 differs from gene expression data 44 in 
the sense that phenotypic data 95 includes quantitative measurements of traits other than 

20 cellular constituent quantities {e.g., classical phenotypes). Thus in mice, for example, 
phenotypic data 95 includes data for clinical traits such as subcutaneous fat pad mass, 
perimetrial fat pad mass, omental fat pad mass, and adopisity. In plants, for example, 
phenotypic data 95 includes data for clinical traits such as barren plants, brittle stalks, 
yield, disease resistance, drydown, early growth, growing degree units (GDU), GDU to 

25 physical maturity, GDU to shed, GDU to silk, harvest moisture, plant height, protein 
rating, root lodging, seedling vigor, grain composition amino acids, and grain 
composition carbohydrates. These clinical traits are defined in United States Patent 
6,368,806 to Openshaw et al Those of skill in the art will appreciate that there are a 
large number of other possible clinical traits and all such traits are within the scope of the 

30 present invention. Such clinical traits may include, but are not limited to, measurements 
such as life span, presence or absence of a particular disease (e.g. a disease associated 
with a complex trait), bone density, cholesterol level, obesity, blood sugar level, eye 
color, blood type, coordination. 
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Once sta^P data are assembled, gene expression dSPr4 is transformed into a 
plurality of expression statistics (e.g., expression statistic set 304, Figs. 3 A, 3B) for gene 
G. Exemplary expression statistics include, but are not limited to, the mean log ratio, log 
intensity, or background-corrected intensity for gene G. Each expression statistic (e.g. 
expression statistic 308, Fig. 3A) represents an expression value for a gene G. In one 
embodiment, each expression value is a normalized expression level measurement for 
gene G in an organism in a plurality of organisms under study. In one embodiment, 
normalization module 72 (Fig. 1) is used to normalize the expression level measurement 
for gene G. In some embodiments, each expression level measurement is determined by 
measuring an amount of a cellular constituent encoded by the gene G in one or more cells 
from an organism in the plurality of organisms. In one embodiment, the amount of the 
cellular constituent comprises an abundance of an RNA present in one or more cells of 
the organism. In one embodiment, the abundance of RNA is measured by a method 
comprising contacting a gene transcript array with the RNA from one or more cells of the 
organism, or with a nucleic acid derived from the RNA. The gene transcript array 
comprises a positionally addressable surface with attached nucleic acids or nucleic acid 
mimics. The nucleic acid mimics are capable of hybridizing with the RNA species or 
with nucleic acid derived from the RNA. species. 

In embodiments where the expression level measurement is normalized, any 
normalization routine may be used. Representative normalization routines include, but 
are not limited to, Z-score of intensity, median intensity, log median intensity, Z-score 
standard deviation log of intensity, Z-score mean absolute deviation of log intensity 
calibration DNA gene set, user normalization gene set, ratio median intensity correction, 
and intensity background correction. Furthermore, combinations of normalization 
routines may be run. Exemplary normalization routines in accordance with the present 
invention are disclosed in more detail in Section 5.3, infra. 

In addition to the generation of expression statistics from gene expression data 44, 
a genetic marker map 78 is generated from genetic markers 70 (Fig. 1; Fig. 19, step 
1906). In one embodiment of the present invention, a genetic marker map is created 
using marker map construction module 74 (Fig. 1). Further, in one embodiment, 
genotype probability distributions for the organisms under study are computed. Genotype 
probability distributions take into account information such as marker information of 
parents, known genetic distances between markers, and estimated genetic distances 
between the markers. Computation of genotype probability distributions generally 
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requires pedigre^^. In some embodiments of the present Wlntion, pedigree data is 
not provided and genotype probability distributions are not computed. 

Generally, a genetic marker map is constructed from a set of genetic markers 78 
associated with a plurality of organisms 78 of the single species under study. The set of 
genetic markers can comprise single nucleotide polymorphisms (SNPs), microsatellite 
markers, restriction fragment length polymorphisms, short tandem repeats, DNA 
methylation markers, sequence length polymorphisms, random amplified polymorphic 
DNA, amplified fragment length polymorphisms, simple sequence repeats, or any 
combination thereof. In some embodiments, genotype data is used to construct the 
genetic marker map. Such genotype data comprises knowledge of which alleles, for each 
marker in the set of genetic markers used to construct the map, are present in each 
organism in the plurality of organisms under study. In some embodiments, the plurality 
of organisms under study represents a segregating population and pedigree data is also 
used to construct the marker map. Such pedigree data shows one or more relationships 
between organisms in the plurality of organisms. In some embodiments, the plurality of 
organisms under study comprises an F2 population and the one or more relationships 
between organisms in the plurality of organisms indicates which organisms in the 
plurality of organisms are members of the F2 population. 

Once the expression data has been transformed into corresponding expression 
statistics and genetic marker map 78 has been constructed, the data is transformed into a 
structure that associates all marker, genotype and expression data for input into QTL 
analysis software. This structure is stored in expression / genotype warehouse 76 (Fig. 1; 
Fig. 19, step 1908). Fig. 3C illustrates an expression / genotype warehouse 76 that is used 
in some embodiments where gene expression / cellular constituent data 44 was measured 
from multiple tissue types. 

A quantitative trait locus (QTL) analysis is performed using data corresponding to 
a gene G as a quantitative trait (Fig. 19, step 1910). In some embodiments of the present 
mv&stion, step 1910 is performed by an embodiment of expression quantitative trait loci 
(eQTL) identification module 2202 (Fig. 22), which is resident in memory 24 of 
computer 20 in system 10 (Fig. 1).. In one embodiment, this QTL analysis is performed 
by genetic analysis module 80 (Fig. 1). In one example, the QTL analysis steps through a 
genetic marker map 78 that represents the genome of the single species. Linkages to gene 
G are tested at each step or location along marker map. hi such embodiments, each step 
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or location alon^Plength of the marker map is at regularlyWined intervals. In some 
embodiments, these regularly defined intervals are defined in Morgans or, more typically, 
centiMorgans (cM). In some embodiments, each regularly defined interval is less than 
100 cM. In other embodiments, each regularly defined interval is less than 10 cM, less 
than 5 cM, or less than 2.5 cM. 

In the QTL analysis of step 1910, data corresponding to gene G is used as a 
quantitative trait. More specifically, the quantitative trait used in the QTL analysis is an 
expression statistic set, such as set 304 (Fig. 3A), that corresponds to gene G. That is, the 
expression statistic set 304 comprises the expression statistic 308 for gene G from each 
organism 306 in the population under study. Fig. 3B illustrates an exemplary expression 
statistic set 304 in accordance with one embodiment of the present invention. Exemplary 
expression statistic set 304 includes the expression level 308 of gene G from each 
organism in a plurality of organisms. For example, consider the case where there are ten 
organisms in the plurality of organisms, and each of the ten organisms expresses gene G. 
In this case, expression statistic set 304 includes ten entries, each entry corresponding to a 
different one of the ten organisms in the plurality of organisms. Further, each entry 
represents the expression level of gene G in the organism represented by the entry. So, 
entry "1" (308-G-l) corresponds to the expression level of gene G in organism 1, entry 
"2" (308-G-2) corresponds to the expression level of gene G in organism 2, and so forth. 
Expression statistic set 304 comprises a plurality of expression statistics 308 for gene G. 

In one embodiment of the present invention, the QTL analysis (Fig. 19, step 1910) 
comprises: (i) testing for linkage between (a) the genotype of the plurality of organisms at 
a position in the genome of the single species and (b) the plurality of expression statistics 
for gene G (e.g., expression statistic set 304), (ii) advancing the position in the genome by 
an amount, and (iii) repeating steps (i) and (ii) until the genome has been tested. In some 
embodiments, the amount advanced in each instance of (ii) is less than about 100 
centiMorgans, less than about 10 centiMorgans, less than about 5 centiMorgans, or less 
than about 2.5 centiMorgans. In some embodiments, the testing comprises performing 
linkage analysis (Section 5.13) or association analysis (Section 5.14) that generates a 
statistical score for the position in the genome of the single species. As detailed below, in 
some embodiments, the testing is linkage analysis and the statistical score is a logarithm 
of the odds (lod) score. Thus, in some embodiments, an eQTL identified in processing 
step 1910 is represented by a lod score that is greater than about 2.0, greater than about 
3.0, greater than about 4.0, or greater than about 5.0. 
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In situ^s where pedigree data is not available, ^type data from each of the 
organisms 46 (Fig. 1) for each marker in genetic marker map 78 may be compared to 
each quantitative trait (expression statistic set 304) using allelic association analysis, as 
described in Section 5.14, supra, in order to identify QTL that are linked to each 
5 expression statistic set 304. In one form of association analysis, an affected population is 
compared to a control population. In particular, haplotype or allelic frequencies in the 
affected population are compared to haplotype or allelic frequencies in a control 
population in order to determine whether particular haplotypes or alleles occur at 
significantly higher frequency amongst affected compared with control samples. 
1 0 Statistical tests such as a chi-square test can be used to determine whether there are 
differences in allele or genotype distributions. 

In some embodiments, testing for linkage between a given position in the 
chromosome and the expression statistic set 304 comprises correlating differences in the 
expression levels found in the expression level statistic with differences in the genotype at 
15 the given position using single marker tests (for example using f-tests, analysis of 

variance, or simple linear regression statistics). See, e.g., Statistical Methods, Snedecor 
and Cochran, Iowa State University Press, Ames, Iowa (1985). However, there are many 
other methods for testing for linkage between expression statistic set 304 and a given 
position in the chromosome. In particular, if expression statistic set 304 is treated as the 
phenotype (in this case, a quantitative phenotype), then methods such as those disclosed 
in Doerge, 2002, Mapping and analysis of quantitative trait loci in experimental 
populations, Nature Reviews: Genetics 3:43-62, may be used. Concerning steps (i) 
through (iii) above, if the genetic length of the genome is N cM and 1 cM steps are used, 
then N different tests for linkage are performed on the given chromosome. 

In some embodiments, the QTL data produced from QTL analysis 1910 comprises 
a logarithm of the odds score (lod) computed at each position tested in the genome under 
study. A lod score is a statistical estimate of whether two loci are likely to he near each 
other on a chromosome and are therefore likely to be genetically linked. In the present 
case, a lod score is a statistical estimate of whether a given position in the genome under 
30 study is linked to the quantitative trait corresponding to a given gene. Lod scores are 

further described in Section 5.4, sUpra. A lod score of three or more is generally taken to 
indicate that two loci are genetically linked. The generation of lod scores requires 
pedigree data. Accordingly, in embodiments in which a lod score is generated, 
processing step 1910 is essentially a linkage analysis, as described in Section 5.13, with 
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the exception ti^^c quantitative trait under study is derivl^om data, such as cellular 
constituent expression statistics, rather than classical phenotypes such as eye color. In 
situations where pedigree data is not available, genotype data from each of the organisms 
46 (Fig. 1) for each marker in genetic marker map 78 may be compared to each 
5 quantitative trait (e.g. , expression statistic set 304) using association analysis, as 
described in Section 5.14, supra, in order to identify QTL that are linked to the 
quantitative trait. 

In some embodiments, processing step 1910 yields a data structure that includes 
all positions 86 (Fig. 1) in the genome of the organisms 46 that were tested for linkage to 

10 the expression statistic set 304 (quantitative trait 84) in step 1910. In one embodiment, 
this data structure is an entry in data structure 82 (Fig. 1). Positions 86 are obtained from 
genetic marker map 78. For each position 86, genotype data.68 provides the genotype at 
position 86 for each organism in the plurality of organisms under study. For each such 
position 86 analyzed by QTL analysis 1910, a statistical measure {e.g., statistical score 

15 88), such as the maximum lod score between the position and the expression statistic set, 
is provided by processing step 1910. Thus, processing step 1910 yields all the positions 
in the genome of the organism of interest that are linked to the expression statistic set 304 
tested in step 1910. Such positions are referred to as the eQTL for the linked gene G 
tested in step 1910. 

20 In processing step 1912, a clinical quantitative trait loci (cQTL) that is linked to a 

clinical trait T is identified using QTL analysis. In some embodiments of the present 
invention, step 1912 is performed by an embodiment of clinical quantitative trait loci 
(cQTL) identification module 2204 (Fig. 22). In some embodiments, a phenotypic 
statistic set 2102 for the clinical trait T serves as the clinical trait used in the QTL 

25 analysis. Fig. 21 illustrates exemplary phenotypic statistic sets 2102 that are a stored as 
phenotypic data 95 in memory 24 within system 10 (Fig. 1). In Fig. 21, each phenotypic 
statistic set 2102 includes the phenotypic value for a different organism in a plurality of 
organisms under study. As used herein, a phenotypic value is any form of measurement 
of a phenotypic trait. For example, if the phenotypic trait is cholesterol level in the 

30 organism, the phenotypic value maybe milligrams of cholesterol per liter of blood. 

In one embodiment, processing step 1912 comprises a classical form of QTL 
analysis in which a phenotypic trait is quantified. In some embodiments, processing step 
1912 employs a whole genome search of genetic markers using marker map 78. For each 
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such position 86 We genome that is analyzed by QTL anal™1912, processing step 
1912 provides a statistical measure (e.g., statistical score 88), such as the maximum lod 
score between the position and the phenotypic statistic set 2102. Thus, processing step 
1912 yields all the positions in the genome of the organism of interest that are linked to 
the expression statistic set 304 tested in step 1912. Such embodiments of processing step 
were first described by Lander and Botstein in Genetics 121, 174-179 (1989). They are 
also described in International Application WO 90/04651, International Application WO 
99/13107, Lander and Schork, Science 265, 2037-2048 (1994), and Doerge, Nature 
Reviews Genetics 3, 43-62, (2002). In other embodiments of processing step 1912, 
association analysis, as described in Section 5.14 is used rather than linkage analysis. 
Association analysis does not require pedigree data. 

Li one embodiment of the present invention, the QTL analysis (Fig. 19, step 1912) 
comprises: (i) testing for linkage between (a) the genotype of a plurality of organisms at a 
position in the genome of a single species and (b) the phenotypic statistic set 2102 (e.g., 
plurality of phenotypic values), (ii) advancing the position in the genome by an amount, 
and (iii) repeating steps (i) and (ii) until the genome has been tested. In some 
embodiments, the amount advanced in each instance of (ii) is less than about 100 
centiMorgans, less than about 10 centiMorgans, less than about 5 centiMorgans, or less 
than about 2.5 centiMorgans. In some embodiments, the testing comprises performing 
linkage analysis (Section 5.13) or association analysis (Section 5.14) that generates a 
statistical score for the position in the genome of the single species. In some 
embodiments, the testing is linkage analysis and the statistical score is a logarithm of the 
odds (lod) score (Section 5.4). Thus, in some embodiments, an eQTL identified in 
processing step 1912 is represented by a lod score that is greater than about 2.0, greater 
than about 3.0, greater than about 4.0, or greater than about 5.0. 

Processing step 1910 identifies any number of expression quantitative trait loci 
(eQTL) for a gene G whereas processing step 1912 identifies any number of clinical 
quantative trait loci (eQTL) for a clinical trait T. In processing step 1914, the question is 
asked whether an eQTL from processing step 1910 colocalizes with a eQTL from 
processing step 1912 at the same point in the genome. In some embodiments of the 
present invention, processing step 1910 is performed by an embodiments of determination 
module 2206 (Fig. 22). In some embodiments, an eQTL and a eQTL are considered 
colocalized if they fall within about 50 centiMorgans (cM) of each other within the 
genome of the species under study, m some embodiments, an eQTL and eQTL are 
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considered co^ized if they fall within about 40 cM, abfRo cM, about 20 cM, about 
15 cM or about lOcM of each other within the genome of the species under study. In 
some embodiments, an eQTL and cQTL are considered colocalized if they fall within 
about 8 cM, about 6 cM, about 4 cM, or about 2 cM of each other within the genome of 
5 the species under study. 

In some embodiments of the present invention, when an eQTL for gene G 
colocalizes with a cQTL for a clinical trait T (1914-Yes), gene G is associated with the 
clinical trait T (step 1920). If this condition is not satisfied (1914-No), then another gene 
G in the genome of the species under study is selected and process control returns to step 
1910 (Fig. 19). In other embodiments, the condition is imposed that the eQTL for gene G 
colocalizes to the physical location of gene G in the genome (1916-Yes) before gene G is 
associated with the clinical trait T (step 1920). In other words, the eQTL must 
correspond to the physical location of gene G in the genome of the single species in order 
for the gene to be linked to a clinical trait T. In some embodiments, an eQTL 
15 corresponds to the physical location of gene G if the eQTL and G colocalize within about 
5cM, 4cM, 3cM, 2cM, lcM, or less in the genome of the single species. In embodiments 
where condition 1916 is imposed, when the condition is not satisfied (1916-No), another 
gene G in the genome of the species under study is selected and process control returns to 
step 1910. 

20 5.17. ALGORITHMS FOR FINDING AN ORTHOLOG IN A FIRST SPECIES TO 
A GENE THAT AFFECTS A COMPLEX TRAIT IN A SECOND lllcml 

The methods of the present invention are used to identify gene-gene interactions, 

gene-phenotype interactions, and biological pathways linked to complex traits in one 

species (target species, first species) using data from another species (reference species, 

25 second species). For example, in one embodiment of the present invention, genes 

identified using the processing steps described in Section 5.1, above, and illustrated in 
Fig. 2, are used to identify genes associated with a complex trait in a reference species. 
Then, the genes that are orthologs of the genes identified in the reference species are 
identified in the target species. In another example, genes identified using the processing 

30 steps described in Section 5.16, above, and illustrated in Fig. 19, are used to identify 
genes associated with a complex trait in the reference species. Then, the genes that are 
the orthologs of the genes identified in the reference species are identified in a target 
species. Orthologs represent the same protein from different species. That is, an ortholog 
is a gene that is equivalent in two different species by sharing the same common ancestor. 
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Stated differently^ ortholog is a functional counterpart ofl^ne in another genome 
that has arisen from speciation. See, for example, Fitch, 1970, Systematic Zoology 
19:99-113. 

5.17.1. FINDING ORTHOLOGS USING SEQUENCE-BASED METHODS 

In one embodiment of the present invention, genes in a target species that are 
homologous to genes in a reference species are identified using the steps outlined in Fig. 
25. In step 2502, a gene G from a reference species that was identified using a 
quantitative genetics method is selected. Typical reference species include, but are not 
limited to, mouse, monkey, and dog. Typical target species, include, but are not limited 
to, humans. Once a gene G from the reference species has been selected, the remaining 
processing steps in Fig. 25 are used to identify the gene in the target species that is the 
ortholog to the gene G. In processing step 2504, a determination is made as to whether 
the ortholog to gene G can simply be found in curated sequence databases through a 
search tool such as LocusLink. See, for example, Pruitt and Maglott, 2001, Nucleic 
Acids Res 29, 137-140 and Pruitt et al, 2000, Trends Genet. 16, 44-47. If so (2504-Yes) 
the process comes to an end with the ortholog to gene G in the target species identified 
(2520). ' ' 

If an automated search of curated databases fails (2504-No), then a manual 
process is used to identify the ortholog of gene G in the target species (processing steps 
2506 through 2516). In this process, a search tool such as Basic Local Alignment Search 
Tool (BLAST) is used. Alternatively a program such as PSI-BLAST, PHI-BLAST, WU- 
BLAST-2, MEGABLAST, BlasfN, and BlastP can be used. See Altschul et al, 1990, J. 
Mol. Biol. 215, 403-410; Altschul et al, 1996, Methods in Enzymology 266, 460-480; and 
Karlin et al, 1993, PNAS USA 90, 5873-5787. 

In processing step 2506, BLAST (or an alternative program) is used to search 
known nucleotide sequences in the target species using the nucleotide sequence of gene 
G. The highest scoring gene sequence in the target species is denoted G'. Next, BLAST 
(or an alternative program) is used to search protein sequences in the target species using 
the amino acid translation of G (step 2508). The highest scoring sequence from the 
search in 2508 is designated P'. If P' is not the protein product of G' (2510-No), it is 
l&eiy that the ortholog to gene G in the target species has not been identified by 
processing steps 2506 and 2508. That is, the ortholog could be an unidentified gene 
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corresponding tWr alternatively, gene G'. Further still, SRrtholog in the target 
species could remain completely unidentified. In some embodiments of the present 
invention, condition 2510 is satisfied if the protein product P' is in the top tier of the 
search results in 2508. For example, in some embodiments, condition 2510 is satisfied 
5 when the protein product P f appears anywhere in the top 10 search results in step 2508. 
In other embodiments, condition 2510 is satisfied when the expectation value for the 
protein product P' in the search of step 2508 is le" 5 or less, le" 10 or less, le" 12 or less, or 
le" 15 or less. 

When the condition 2510-No arises, steps 2506 and 2508 may be repeated using a 
10 subset of gene G. Alternatively, steps 2506 and 2508 may be repeated using different 
search settings, as disclosed in Altschul etal, 1990, J. Mol. Biol. 215, 403-410; Altschul 
et a/., 1996, Methods in Enzymology 266, 460-480; and Karlin et al 9 1993, PNAS USA 
90, 5873-5787. Further still, other methods for identifying orthologs may be used as 
disclosed in Section 5.17.2, below. 

15 If P' is the protein product of G' (25 1 0-Yes), it is likely that the ortholog to gene 

G in the target species has been identified by processing steps 2506 and 2608. However, 
as confirmation, additional processing steps (2512 and 2514) may be performed. Steps 
2512 and 25 14 perform reverse searches in which P f and G' are used to respectively find 
P and G in databases corresponding to the reference species. Thus, for example, in 

20 processing step 25 12, the nucleotide sequence G f is used to identify the sequence G in a 
database of reference species gene sequences. It is expected that this search {e.g., a 
BLAST search or some equivalent to a BLAST search) will identify G in the database of 
reference species sequences with the highest score. Next, in processing step 2514, the 
protein sequence P' is used to identify the protein P in a database of reference species 

25 protein sequences. It is expected that this search (e.g., a BLAST search or some 
equivalent to a BLAST search) will identify P in the database of reference species 
sequences with the highest score. In processing step 2516, a determination is made as to 
whether steps 2512 and 2514 identified P and G. If so (2616-Yes), the ortholog to gene 
G in the target species has been identified as G f (2520). In some embodiments of the 

30 present invention, P and G are considered identified when they appear in the top tier of 
the respective search results of steps 2512 and 2514. For example, in some embodiments, 
condition 2516 is satisfied (2516- Yes) when the protein product P appears anywhere in 
the top 10 search results in step 2514. In other embodiments, condition 2516 is satisfied 
when the expectation value for the protein product P or the gene G has an expectation 
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value of le ^ le 10 or less, le 12 or less, or le' 5 or 0i the respective search 

results of steps 25 12 and 2514. When condition 2516 is not satisfied (2516-No), it is 

possible that the ortholog to gene G has not been identified and other methods for 

identifying orthologs need to be used to identify the ortholog. 

5.17.2. FINDING ORTHOLOGS USING NONSEQUENCE-BASED METHODS 

Another approach for finding orthologs is disclosed in Fig. 26. The approach 
illustrated in Fig. 26 is disclosed in greater detail in United States Patent Application 
09/779,004 entitled "Functionating Genomes with Cross-Species Coregulation" filed 
February 7, 2001, which is hereby incorporated by reference in its entirety. The approach 
involves analysis of biological responses (e.g., response profiles) that are obtained or 
provided from measurements of one or more aspects of the biological state of a reference 
cell or organism in response to a set of perturbations. The perturbations may include, for 
example, drug exposure, targeted mutations or targeted changes in levels of protein 
activity or expression. Other exemplary conditions or perturbations include changes in 
environmental conditions such as exposure to different conditions of temperature, 
radiation, sunlight, oxygen or aeration to name a few, as well as different nutritional 
conditions such as growth or incubation of the reference cell or organism in the presence 
or absence of particular nutrients (e.g.,.one or more particular amino acids and/or sugars). 
20 Still further, exemplary perturbations also include exposure of the reference cell or 
organism to one or more toxins including, but not limited to, exposure to pesticides 
(including, e.g., fungicides or insecticides) or herbicides. 

Particular aspects of the biological state of a cell, such as the transcriptional state, 
the translational state or the activity state are obtained or measured in response to the 
25 plurality of perturbations. Preferably, the measurements are differential measurements of 
the change in genes identified in response, e.g., to a drug at certain concentrations and 
times of treatment. The collection of these measurements, which are optionally 
graphically represented, are called herein the "pertubation response" or "drug response" 
or, alternatively, the "response profile." In preferred embodiments of the invention, a 
plurality of different response profiles are obtained or provided for a plurality of different 
perturbations or for a plurality of cellular constituents. 

In more detail, a first response profile is first obtained or provided (FIG. 26, step 
2602) for a particular cellular constituent from a reference species under some particular 
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set of perturbati^P Typically, this cellular constituent studlRn step 2602 is a cellular 
constituent corresponding to a gene G from a reference species that was identified using 
quantitative genetics methods (e.g., a gene verified in processing step 222 of Fig. 2 or a 
gene that has been associated with clinical trait T in processing step 1920 of Fig. 19). In 
some embodiments, a cellular constituent is a gene, a gene product of the gene (e.g., a 
protein). Thus, a cellular constituent may be, for example, the mRNA or cDNA that 
corresponds to a particular gene. The set of perturbations for which a response profile is 
obtained is referred to herein as the "condition sef ' and is denoted {A}. 

In some embodiments, the number of different conditions or perturbations 
contained in the condition set {A} is very large. In some embodiments, {A} includes at 
least 10 different conditions or perturbations, in other embodiments, {A} includes at least 
50 different conditions or perturbations, in still other embodiments, {A} includes at least 
100 different conditions or perturbations, in yet other embodiments, {A} includes at least 
500 different conditions or perturbations, and in still other embodiments, {A} includes at 
least 1 000 different conditions or perturbations. However, in order to practice the 
methods of the invention most efficiently, the response profiles obtained for condition set 
{A} are optionally evaluated (step 2604, Fig. 26) and a "perturbation subset," denoted 
herein as {a}, is selected. Perturbation subset {a} consists of those perturbations or 
conditions in the condition set (perturbation set) {A} for which the profiles of gene x, or 
in more preferred embodiments of a plurality of genes, in reference species are maximally 
informative (e.g., strongest and, preferably, most diverse). 

For example, if several of the profiles obtained for the reference species are 
closely correlated with each other, then typically only one of the conditions or 
perturbations from this group is selected for further analysis according to the methods of 
the present invention. Many techniques of analysis are known in the art that can be used 
to assess the similarity and/or correlation between two or more different profiles. Such 
techniques are disclosed in copending application serial number 09/779,004 entitled 
'Functionating genomes with cross-species coregulation" which is hereby incorporated 
by reference. 

In step 2606 (Fig. 26), a response profile is also obtained or provided for a 
particular cellular constituent (e.g., a particular gene or gene product) in a sample of the 
target species (e.g. a cell culture from the target species) under a particular set of 
perturbations. The set of perturbations for which responses are obtained or provided for 
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cellular constats y of the target species preferably corJKf the same perturbations 
for which responses are obtained or provided for cellular constituents of the first cell or 
organism representing the reference species. That is, the set of perturbations for which 
responses are obtained or provided for cellular constituents of the target cell or species are 
5 preferably members of the perturbation set {A} . More preferably, the set of perturbations 
for which responses are obtained or provided for cellular constituents y of the target 
species are preferably members of the perturbation subset {a}. In fact, most preferably, 
the set of perturbations for which a response profile is obtained or provided for cellular 
constituents y of the target cell or species include all of the perturbations that are 
10 members of the optional perturbation subset {a}. 

In step 2608, the response profiles obtained for a cellular constituent x in the 
reference species and the cellular constituent^ in the target species are used to evaluate 
the co-regulation of x andy across a common set of conditions or perturbations, most 
preferably across the perturbation subset {a}. For example, the similarity (e.g., 
correlation) of the response profile of the genes or gene products x and y can be evaluated 
by means of the equation: 
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in which Xi andjj;, denote respective changes in expression, abundance, activity levels or 
amount of modification of the cellular constituents corresponding to genes x saAy, 
respectively, under the condition or perturbation i. If Pxy is particularly high then, x and y 
are identified as functionally related and are thus determined to be candidate orthologs 
(candidate functional orthologs). Preferably, the candidate ortholog identified according 
to the methods of the invention have a correlation Pxy that is at least 0.5 (i.e. at least 50%). 
More preferably, the candidate functional orthologs identified according to the methods 
of the invention have a correlation that is at least 0.75 (i.e., at least 75%), 0.8 (i.e., at least 
80%) or at least 0.85 (i.e., at least 85%). In fact, the candidate functional orthologs 
identified according to the methods of the invention most preferably have a correlation 
30 that is at least 0.9 (i.e., at least 90%). 

Other forms of detenmning correlation between two datasets, besides the 
correlation coefficient above are well known in the art. Indeed, any statistical method for 
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determining the inability that two datasets are related may^Rised in accordance with 
the methods of the present invention in order to identify orthologs. Correlation based on 
ranks is also possible, where x t and y f are the ranks of the measurement in ascending or 
descending numerical order. See e.g., Conover, Practical Nonparametric Statistics, 2 nd 
ed., Wiley, (1971). Shannon mutual information also can be used as a measure of 
siniilarity. See e.g., Pierce, An Introduction To Information Theory: Symbols, Signals, 
and Noise, Dover, (1980). 

In processing step 2612, a determination is made as to whether there is any 
additional cellular constituents y in the target species available for analysis. In some 
embodiments of the present invention, it is desirable to analyze as many cellular 
constituents y as possible in order to maximize the chances of finding the ortholog of 
cellular constituent*. When an additional cellular constituent y is available (2610-Yes), 
process control returns to step 2606 and 2608 where the additional cellular constituent^ is 
evaluated. When no further cellular constituent y is available for analysis is available 
(2610-No), process control passes to step 2612 where the cellular constituent y that had 
the highest similarity to cellular constituent x in an instance of step 2608 is defined as the 
ortholog to cellular constituent x. 



5.17.3. EXEMPLARY APPLICATIONS 

One aspect of the invention provides a method for associating a gene G in the 
genome of a single first species with a clinical trait T exhibited by the single first species 
and a single second species. In the method, a gene G f is found in the single second 
species that is an ortholog of the gene G. In some embodiments, this is accomplished 
using the techniques disclosed in Section 5.17.1 and/or Section 5.17.2. Further, an 
expression quantitative trait loci (eQTL) is identified for gene G' using a first quantitative 
trait loci (QTL) analysis. This aspect of the present invention uses techniques disclosed 
in United States Patent Application serial number 60/400,522, entitled "Computer 
systems and methods that use clinical and expression quantitative trait loci to associate 
genes with traits," filed August 2, 2002, which is hereby incorporated by reference. The 
first QTL analysis uses a plurality of expression statistics for gene G' as a quantitative 
trait. Each expression statistic in the plurality of expression statistics represents an 
expression value for the gene G f in an organism in a plurality of organisms of the single 
second species. A clinical quantitative trait loci (cQTL) that is linked to the clinical trait 
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lysis uses a plurality of 



phenotypic values as a quantitative trait. Each phenotypic value in the plurality of 
phenotypic values represents a phenotypic value for the clinical trait T in an organism in 
the plurality of organisms of the single second species. Next, a determination is made as 
to whether the eQTL and the cQTL colocalize to the same locus in the genome of the 
single second species. For more disclosure on these techniques see, for example, Section 
5.16. When the eQTL and the cQTL colocalize to the same locus, the gene G is 
associated with the clinical trait T in the single first species. 

Another aspect of the present invention provides a computer program product for 
use in conjunction with a computer system. The computer program product comprises a 
computer readable storage medium and a computer program mechanism embedded 
therein. The computer program mechanism associates a gene G in the genome of a single 
first species with a clinical trait T exhibited by the single first species and a single second 
species. The computer program mechanism comprises a specialized form of genetic 
analysis module 80 (Fig. 1) which is illustrated in Fig. 54. The genetic analysis module 
80 in accordance With this aspect of the invention includes an ortholog identification 
module 5401 for finding a gene G' in the single second species that is an ortholog of gene 
G. In some embodiments, this is accomplished using the techniques disclosed in Section 
5.17.1 and/or Section 5.17.2. The genetic analysis module 80 in accordance with this 
aspect of the invention further comprises an expression quantitative trait loci (eQTL) 
identification module 5404 for identifying an expression quantitative trait loci (eQTL) for 
the gene G' using a first quantitative trait loci (QTL) analysis. This aspect of the present 
invention uses techniques disclosed in United States Patent Application serial number 
60/400,522, entitled "Computer systems and methods that use clinical and expression 
quantitative trait loci to associate genes with traits," filed August 2, 2002. The first QTL 
analysis uses a plurality of expression statistics for the gene G' as a quantitative trait and 
each expression statistic in the plurality of expression statistics represents an expression 
value for the gene G' in an organism in the plurality of organisms of the single second 
species. The QTL analysis module in accordance with this aspect of the invention further 
comprises a clinical quantitative trait loci (cQTL) identification module 5406 for 
identifying a clinical quantitative trait loci (cQTL) that is linked to the clinical trait T 
using a second QTL analysis. The second QTL analysis uses a plurality of phenotypic 
vahics as a quantitative trait. Each phenotypic value in the plurality of phenotypic values 
represents a phenotypic value for the clinical trait T in an organism in the plurality of 
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organisms of ti^pigle second species. The QTL analysis^Plule in accordance with 

this aspect of the invention further comprises a determination module 5408 for 

determining whether the eQTL and the cQTL colocalize to the same locus in the genome 

of the single second species. For more disclosure on these techniques see, for example, 

5 Section 5.16. When the eQTL and the cQTL colocalize to the same locus, the gene G is 

associated with the clinical trait T in the single first species. 

Another aspect of the present invention provides a computer system for 
associating a gene G in the genome of a single first species with a clinical trait T 
exhibited by the single first species and a single second species. The computer system 

10 comprises a central processing unit and a memory coupled to the central processing unit. 
The memory stores an ortholog identification module 5402 (Fig. 54), an expression 
quantitative trait loci (eQTL) identification module 5404 (Fig. 54), a clinical quantitative 
trait loci (cQTL) identification module 5406 (Fig. 54), and a determination module 5408 
(Fig. 54). Ortholog identification module 5402 comprises instructions for finding a gene 

15 G' in the single second species that is an ortholog of the gene G. Expression quantitative 
trait loci {eQTL) identification module 5404 comprises instructions for identifying an 
expression quantitative trait loci (eQTL) for the gene G' using a first quantitative trait loci 
(QTL) analysis. The first QTL analysis uses a plurality of expression statistics for gene 
G' as a quantitative trait. This aspect of the present invention uses techniques disclosed 

20 in United States Patent Application serial number 60/400,522, entitled "Computer 

systems and methods that use clinical and expression quantitative trait loci to associate 
genes with traits," filed August 2, 2002. Each expression statistic in the plurality of 
expression statistics represents an expression value for the gene G' in an organism in a 
plurality of organisms of the single second species. Clinical quantitative trait loci (cQTL) 

25 identification module 5406 comprises instructions for identifying a clinical quantitative 
trait loci (cQTL) that is linked to the clinical trait T using a second QTL analysis. The 
second QTL analysis uses a plurality of phenotypic values as a quantitative trait. Each 
phenotypic value in the plurality of phenotypic values represents a phenotypic value for 
the clinical trait T in an organism in the plurality of organisms of the single second 

30 species. Determination module 5408 comprises instructions for determining whether the 
eQTL and the cQTL colocalize to the same locus in the genome of the single second 
species. When the eQTL and the cQTL colocalize to the same locus, the gene G is 
associated with the clinical trait T. 
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r^^ct of the present invention provides a nSno< 
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Another^P:ct of the present invention provides a nSn^d for associating a gene 
G in the genome of a single first species with a clinical trait T exhibited by the single first 
species and a single second species. In the method, quantitative trait locus data from a 
plurality of quantitative trait locus analyses is clustered to form a quantitative trait locus 
interaction map. This aspect of the present invention uses techniques disclosed in United 
States Patent Application serial number 60/381,437, entitled "Computer system and 
method for identifying genes and determining pathways associated with traits," filed May 
16, 2002, which is hereby incorporated by reference. Each quantitative trait locus 
analysis in the plurality of quantitative trait locus analyses is performed for a gene in a 
plurality of genes in the genome of the single second species using a genetic marker map 
and a quantitative trait in order to produce the quantitative trait locus data. For each 
quantitative trait locus analysis, the quantitative trait comprises an expression statistic for 
the gene for which the quantitative trait locus analysis is performed. For each organism 
in a plurality of organisms of the single second species, the genetic marker map is 
constructed from a set of genetic markers associated with the plurality of organisms of the 
second species. The quantitative trait locus interaction map is analyzed to identify a gene 
G' associated with a trait. See, for example, Section 5. 1 . Then, the gene G in the single 
first species that is the ortholog of the gene G' of the single second species is identified, 
thereby associating a gene G in the genome of the . single first species with a clinical trait 
T exhibited by the single first species. See for, example, Sections 5.17.1 and 5.17.2. In 
some embodiments, the method further comprises an additional step that is performed 
prior to the clustering step. This additional step comprises performing each of the 
quantitative trait locus analyses in the plurality of quantitative trait locus analyses. 

Another aspect of the present invention provides a computer program product for 
use in conjunction with a computer system. The computer program product comprises a 
computer readable storage medium and a computer program mechanism embedded 
therein. The computer program mechanism comprises a clustering module 92 (Fig. 1), an 
analysis module (QTL analysis module) 80 Fig. 1, and an ortholog identification module 
5402 (Fig. 54). Clustering module 92 is used for clustering quantitative trait locus data 
from a plurality of quantitative trait locus analyses to form a quantitative trait locus 
interaction map. This aspect of the present invention uses techniques disclosed in United 
States Patent Application serial number 60/381,437, entitled "Computer system and 
method for identifying genes and determining pathways associated with traits," filed May 
16, 2002. See also, for example, Section 5.1. Each quantitative trait locus analysis in the 
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plurality of qua^pive trait locus analyses is performed fo^^ne in a plurality of genes 

in the genome of a single second species using a genetic marker map and a quantitative 

trait in order to produce the quantitative trait locus data. For each quantitative trait locus 

analysis, the quantitative trait comprises an expression statistic for the gene for which the 

5 quantitative trait locus analysis is performed, for each organism in a plurality of 

organisms of the single second species. Further, the genetic marker map is constructed 

from a set of genetic markers associated with the plurality of organisms of the single 

second species. The analysis module is for analyzing the quantitative trait locus 

interaction map to identify a gene G f associated with a trait exhibited by a single first 

10 species and the single second species. Ortholog identification module 5402 is for finding 

a gene G in the single first species that is an ortholog of the gene G' in the single second 

species. See for, example, Sections 5.17.1 and 5.17.2. 

Some embodiments of the present invention provide a computer system for 
associating a gene G in the genome of a single first species with a clinical trait T 

1 5 exhibited by the single first species and a single second species. The computer system 
comprises a central processing unit and a memory coupled to the central processing unit. 
The memory stores a clustering module 90 (Fig. 1), an analysis module (QTL analysis 
module) 80 and an ortholog identification module 5402 (Fig. 54). Clustering module 92 
is for clustering quantitative trait locus data from a plurality of quantitative trait locus 

20 analyses to form a quantitative trait locus interaction map. This aspect of the present 
invention uses techniques disclosed in United States Patent Application serial number 
60/381,437, entitled "Computer system and method for identifying genes and determining 
pathways associated with traits," filed May 16, 2002. Each quantitative trait locus 
analysis in the plurality of quantitative trait locus analyses is performed for a gene in a 

25 plurality of genes in the genome of the single second species using a genetic marker map 
and a quantitative trait in order to produce the quantitative trait locus data. For each 
quantitative trait locus analysis, the quantitative trait comprises an expression statistic for 
the gene for which the quantitative trait locus analysis is performed, for each organism in 
a plurality of organisms of the single second species. The genetic marker map is 

30 constructed from a set of genetic markers associated with the plurality of organisms of the 
single second species. Genetic analysis module 80 is for analyzing the quantitative trait 
locus interaction map to identify a gene G f associated with a trait exhibited by the single 
first species and the single second species. Ortholog identification module 5402 (Fig. 54) 
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is for finding a g^Ps in the single first species that is an orSBg of the gene G' of the 
single second species. 

Another aspect of the present invention provides a method for identifying a 
quantitative trait locus for a complex trait in a single first species. Some embodiments in 
accordance with this aspect of the present invention use techniques disclosed in United 
States Patent Application serial number 60/382,036, entitled "Computer systems and 
methods for subdividing a complex disease into component diseases," filed May 20, 
2002, which is hereby incorporated by reference. 

The complex trait is exhibited by the single first species and a single second 
species. In the method, a plurality of organisms of the single second species are divided 
into a plurality of subpopulations using a classification scheme that classifies each 
organism in the plurality of organisms of the single second species into at least one of the 
subpopulations. One way this can be accomplished is described in Section 15.17.4, 
below. The classification scheme uses a plurality of cellular constituent measurements 
from each organism of the single second species. Further, for at least one subpopulation 
in the plurality of subpopulations, the method provides the step of performing quantitative 
genetic analysis on the subpopulation in order to identify a quantitative trait locus for the 
complex trait in the single second species. The method further provides the step of 
finding the quantitative trait loci in the single first species that is the ortholog of the 
quantitative trait locus of the single second species, thereby identifying the quantitative 
trait locus for the complex trait in the single first species. See for example, Sections 
5.17.1 and 5.17.2. 

Still another aspect of the present invention provides a computer program product 
for use in conjunction with a computer system. The computer program product comprises 
a computer readable storage medium and a computer program mechanism embedded 
therein. The computer program mechanism comprises a classification module 5410 (Fig. 
54), a genetic analysis module (QTL analysis module) 80 (Fig. 1), and an ortholog 
identification module 5402 (Fig. 54). Classification module 5410 is for dividing a 
plurality of organisms of a single second species into a plurality of subpopulations using a 
classification scheme that classifies each organism in the plurality of organisms of the 
single second species into at least one of the subpopulations. This aspect of the present 
invention uses techniques disclosed in United States Patent Application serial number 
60/382,036, entitled "Computer systems and methods for subdividing a complex disease 
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into component ^Pses," filed May 20, 2002. The classifid^k scheme uses a plurality 

of cellular constituent measurements from each organism in the single second species. 

The genetic analysis module is used, for at least one subpopulation in the plurality of 

subpopulations, to perfonn quantitative genetic analysis on the subpopulation in order to 

identify a quantitative trait locus for a complex trait that is exhibited by the single second 

species and a single first species. Ortholog identification module 5402 is used for finding 

the quantitative trait locus in the single first species that is the ortholog of the quantitative 

trait locus of the single second species. See, for example, Sections 5.17.1 and 5.17.2. 

Another aspect of the present invention provides a computer system for 
identifying a quantitative trait locus for a complex trait in a single first species. The 
complex trait is exhibited by the single first species and a single second species. The 
computer system comprises a central processing unit and a memory coupled to the central 
processing unit. The memory is used for storing a classification module 5410 (Fig. 54), a 
genetic analysis module 80 (Fig. 1); and an ortholog identification module 5402 (Fig. 54). 
Classification module 5410 includes instructions for dividing a plurality of organisms of a 
single second species into a plurality of subpopulations using a classification scheme that 
classifies each organism in the plurality of organisms of the single second species into at 
least one of the subpopulations. This aspect of the present invention uses techniques 
disclosed in United States Patent Application serial number 60/382,036, entitled 
"Computer systems and methods for subdividing a complex disease into component 
diseases," filed May 20, 2002. The classification scheme uses a plurality of cellular 
constituent measurements from each organism in the single second species. Genetic 
analysis module 80 includes instructions that, for at least one subpopulation in the 
plurality of subpopulations, performs quantitative genetic analysis on the subpopulation 
in order to identify the quantitative trait locus for the complex trait. Ortholog 
identification module 5402 comprises instructions for finding the quantitative trait locus 
in the single first species that is the ortholog of the quantitative trait locus in the single 
second species. See, for example, Sections 5.17.1 and 1.17.2. 

5.17.4. SUBDIVIDING SCHEMES 
This section describes an approach to subdividing a population into 
subpopulations. 
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Step 7T^fa step 7102 (Fig. 71 A), a trait is select^PGr study in a species. In 
some embodiments, the trait is a complex trait. The species can be a plant, animal, 
human, or bacterial. In some embodiments, the species is human, cat, dog, mouse, rat, 
monkey, pigs, Drosophila, or com. In some embodiments, a plurality of organisms 
5 representing the species are studied. The number of organism in the species can be any 
number. In some embodiments, the plurality of organisms studied is between 5 and 100, 
between 50 and 200, between 100 and 500, or more than 500. 

In some embodiments, a portion of the organisms under study are subjected to a 
perturbation that affects the trait. The perturbation can be environmental or genetic. 

1 0 Examples of environmental perturbations include, but are not limited to, exposure of an 
organism to a test compound, an allergen, pain, hot or cold temperatures. Additional 
examples of environmental perturbations include diet a high fat diet or low fat diet), 
sleep deprivation, isolation, and quantifying a natural environmental influences {e.g., 
smoking, diet, exercise). Examples of genetic perturbations include, but are not limited 

1 5 to, the use of gene knockouts, introduction of an inhibitor of a predetermined gene or 
gene product, N-Ethyl-N-nitrosourea (ENU) mutagenesis, siRNA knockdown of a gene, 
or quantifying a trait exhibited by a plurality of organisms of a species. 

The perturbation optionally used in step 7102 is selected because of some 
relationship between the perturbation and the trait. For example, the perturbation could 
20 be the siKNA knockdown of a gene that is thought to influence the trait under study. 

Examples of traits that can be studied in the systems and methods of the present invention 
are disclosed in Section 5.15. 

Step 7104. In step 7104 (Fig. 71A), the levels of cellular constituents are 
measured from the plurality of organisms 46 in order to derive gene expression / cellular 
25 constituent data 44. The identity of the tissue from which such measurements are made 
will depend on what is known about the trait under study. In some embodiments, cellular 
constituent measurements are made from several different tissues. 

Generally, the plurality of organisms 46 exhibit a genetic variance with respect to 
the trait. In some embodiments, the trait is quantifiable. For example, in instances where 
30 the trait is a disease, the trait can be quantified in a binary form {e.g., "1" if the organism 
has contracted the disease and "0" if the organism has not contracted the disease). In 
some embodiments, the trait can be quantified as a spectrum of values and the plurality of 
organisms 46 will represent several different values in such a spectrum. In some 
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embodiments, ^Plurality of organisms 46 comprise an uflRted (e.g., unexposed, wild 
type, etc.) population and a treated population (e.g., exposed, genetically altered, etc.). In 
some embodiments, for example, the untreated population is not subjected to a 
perturbation whereas the treated population is subjected to a perturbation. In some 
5 embodiments, the secondary tissue that is measured in step 7104 is blood, white adipose 
tissue, or some other tissue that is easily obtained from organisms 46. 

In varying embodiments, the levels of between 5 cellular constituents and 100 
cellular constituents, between 50 cellular constituents and 100 cellular constituents, 
between 300 and 1000 cellular constituents, between 800 and 5000 cellular constituents, 
1 0 between 4000 and 15,000 cellular constituents, between 1 0,000 and 40,000 cellular 
constituents, or more than 40,000 cellular constituents are measured. 

In one embodiment, gene expression / cellular constituent data 44 comprises the 
processed microarray images for each individual (organism) 46 in a population under 
study. In some embodiments, such data comprises, for each individual 46, intensity 
1 5 information 50 for each gene / cellular constituent 48 represented on the microarray. In 
some embodiments, cellular constituent data 44 is, in fact, protein expression levels for 
various proteins in a particular tissue hi organisms 46 under study. 

In one aspect of the present invention, cellular constituent levels are determined in 
step 7104 by measuring an amount of the cellular constituent in a predetermined tissue of 

20 the organism. As used herein, the term "cellular constituent" comprises individual genes, 
proteins, mRNA expressing genes, metabolites and/or any other cellular components mat 
can affect the trait under study. The level of a cellular constituent can be measured in a 
wide variety of methods. Cellular constituent levels, for example, can be amounts or 
concentrations in the secondary tissue, their activities, their states of modification (e.g., 

25 phosphorylation), or other measurements relevant to the trait under study. 

In one embodiment, step 7104 comprises measuring the transcriptional state of 
cellular constituents 48 in tissues of organisms 46. The transcriptional state includes the 
identities and abundances of the constituent RNA species, especially mRNAs, in the 
tissue. In this case, the cellular constituents are RNA, cRNA, cDNA, or the like. The 
30 transcriptional state of the cellular constituents can be measured by techniques of 

hybridization to arrays of nucleic acid or nucleic acid mimic probes, or by other gene 
expression technologies. Transcript arrays are discussed in Section 5.8. 
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In anot^pnbodiment, step 7104 comprises meas^| the translational state of 
cellular constituents 48. In this case, the cellular constituents are proteins. The 
translational state includes the identities and abundances of the proteins in the organisms 
46. In one embodiment, whole genome monitoring of protein (i.e., the "proteome," 
5 Goffeau et al, 1996, Science 274, p. 546) can be carried out by constructing a microarray 
in which binding sites comprise immobilized, preferably monoclonal, antibodies specific 
to a plurality of protein species encoded by the secondary tissue. Preferably, antibodies 
are present for a substantial fraction of the encoded proteins. Methods for making 
monoclonal antibodies are well known. See, for example, Harlow and Lane, 1998, 

1 0 Antibodies: A Laboratory Manual, Cold Spring Harbor, N. Y. In one embodiment, 

monoclonal antibodies are raised against synthetic peptide fragments designed based on 
genomic sequences. With such an antibody array, proteins from the organism are 
contacted with the array and their binding is assayed with assays known in the art. In 
some embodiments, antibody arrays for high-throughput screening of antibody-antigen 

1 5 interactions are used. See, for example, Wildt et al, Nature Biotechnology 1 8, p. 989. 

Alternatively, large scale quantitative protein expression analysis can be 
performed using radioactive (e.g., Gygi et al, 1999, Mol. Cell. Biol 19, p. 1720) and/or 
stable iostope ( 15 N) metabolic labeling (e.g., Oda et al Proc. Natl. Acad. Sci. USA 96, p. 
6591) followed by two-dimensional (2D) gel separation and quantitative analysis of 

20 separated proteins by scintillation counting or mass spectrometry. Two-dimensional gel 
electrophoresis is well-known in the art and typically involves focusing along a first 
dimension followed by SDS-PAGE electrophoresis along a second dimension. See, e.g., 
Hames et al, 1990, Gel Electrophoresis of Proteins: A Practical Approach, IRL Press, 
New York; Shevchenko et al, 1996, Proc Nat'l Acad. Sci. USA 93, p. 1440; Sagliocco et 

25 al, 1996, Yeast 12, p. 1519; Lander 1996, Science 274, p. 536; and Naaby-Haansen et 
al, 2001, TRENDS in Pharmacological Science 22, p. 376. Electropherograms can be 
analyzed by numerous techniques, including mass spectrometric techniques, western 
blotting and immunoblot analysis using polyclonal and monoclonal antibodies, and 
internal and N-terminal micro-sequencing. See, for example, Gygi, et al, 1999, Nature 

30 Biotechnology 17, p. 994. In some embodiments, fluorescence two-dimensional 

difference gel electrophoresis (DIGE) is used. See, for example, Beaumont et al, Life 
Science News 7, 2001. In some embodiments, quantities of proteins in the secondary 
tissue of organisms 46 are determined using isotope-coded affinity tags (ICATs) followed 
by tandem mass spectrometry. See, for example, Gygi et al, 1999, Nature Biotech 17, p. 
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994. Using suc^phniques, it is possible to identify a sub^nal fraction of the proteins 
expressed in a predetermined secondary tissue in organisms 46. 

In other embodiments, step 7 1 04 comprises measuring the activity or post- 
translational modifications of the cellular constituents in the plurality of organisms 46. 
See for example, Zhu and Snyder, Curr. Opin. Chem. Biol 5, p. 40; Martzen et al, 1999, 
Science 286, p. 1 153; Zhu et al, 2000, Nature Genet. 26, p. 283; and Caveman, 2000, J. 
Cell. Sci. 1 13, p. 3543. In some embodiments, measurement of the activity of the cellular 
constituents is facilitated using techniques such as protein microarrays. See, for example, 
MacBeath and Schreiber, 2000, Science 289, p. 1760; and Zhu etal, 2001, Science 293, 
p. 2101. In some embodiments, post-translation modifications or other aspects of the 
state of cellular constituents are analyzed using mass spectrometry. See, for example, 
Aebersold and Goodlett, 2001, Chem Rev 101, p. 269; Petricoin HI, 2002, The Lancet 
359, p. 572. 

In some embodiments, the proteome of organisms 46 under study is analyzed in 
step 7104. The analysis of the proteome {e.g., the quantification of all proteins and the 
determination of their post-translational modifications) typically involves the use of high- 
throughput protein analysis methods such as microarray technology. See, for example, 
Templin et al, 2002, TRENDS in Biotechnology 20, p. 160; Albala and Humphrey- 
Smith, 1999, Curr. Opin. Mol. Ther. 1, p. 680; Cahill, 2000, Proteinics: A Trends Guide, 
p. 47-51; Emili and Cagney, 2000, Nat. Biotechnol., 18, p. 393; and Mitchell, Nature 
Biotechnology 20, p. 225. 

In still other embodiments, "mixed" aspects of the amounts cellular constituents 
are measured in step 7104. In one example, the amounts or concentrations of one set of 
cellular constituents in the organisms 46 under study are combined with measurements of 
the activities of certain other cellular constituents in such organisms. 

In some embodiments, different allelic forms of a cellular constituent in a given 
organism are detected and measured in step 7104. For example, in a diploid organism, 
there are two copies of any given gene, one descending from the "father" and the other 
from the "mother." In some instances, it is possible that each copy of the given gene is 
expressed at different levels. This is of significant interest since this type of allelic 
differential expression could associate with the trait under study, particularly in instances 
where the trait under study is complex. 
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ita 44 has been obtained, 



Step 7. 



>nce gene expression / cellular constii 



the data is transformed (Fig. 71 A, step 7106) into expression statistics. In some 
embodiments, cellular constituent data 44 (Fig. 1) comprises transcriptional data, 
translational data, activity data, and/or metabolite abundances for a plurality of cellular 
5 constituents. In one embodiment, the plurality of cellular constituents comprises at least 
five cellular constituents. In another embodiment, the plurality of cellular constituents 
comprises at least one hundred cellular constituents, at least one thousand cellular 
constituents, at least twenty thousand cellular constituents, or more than thirty thousand 
cellular constituents. 

1° The expression statistics commonly used as quantitative traits in the analyses in 

one embodiment of the present invention include, but are not limited to, the mean log 
ratio, log intensity, and background-corrected intensity derived from transcriptional data. 
In other embodiments, other types of expression statistics are used as quantitative traits. 



15 normalization module (not shown) . In such embodiments, the expression level of each of 
a plurality of genes in each organism under study is normalized. Any normalization 
routine can be used by the normalization module. Representative normalization routines 
include, but are not limited to, Z-score of intensity, median intensity, log median 
intensity, Z-score standard deviation log of intensity, Z-score mean absolute deviation of 

20 log intensity calibration DNA gene set, user normalization gene set, ratio median intensity 
correction, and intensity background correction. Furthermore, combinations of 
normalization routines can be run. Exemplary normalization routines in accordance with 
the present invention are disclosed in more detail in Section 5.3. 



25 data is measured, and the cellular constituent data is transformed into expression 
statistics. In step 7150 (Fig. 71 A), one or more phenotypes are measured for each 
organism 46 in the population under study. Fig. 72 summarizes the data that is measured 
as a result of steps 7102-7106 and 7150. For each organism 46 in the population under 
study there are at least two classes of data collected. The first class of data collected is 

30 phenotypic information 7201 . Phenotypic information 7201 can be anything related to 
the trait under study. For example, phenotypic information 7201 can be a binary event, 
such as whether or not a particular organism exhibits the phenotype (+/-). The 
phenotypic information can be some quantity, such as the results of an obesity 



In one embodiment, this transformation (Fig. 71 A, step 7106) is performed using 



Step 7150. In the preceding steps, a trait is identified, cellular constituent level 
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measurement fo^Prespective organism 246. As illustrate<BBig. 72, there can be more 
than one phenotypic measurement made per organism 46. 

The second class of data collected for each organism 46 in the population under 
study is cellular constituent levels 50 {e.g., amounts, abundances) for a plurality of 
cellular constituents (steps 1204-1206, Fig. 71 A). Although not illustrated in Fig. 71, 
there can be several sets of cellular constituent measurements for each organism. Each of 
these sets could represent cellular constituent measurements measured in the respective 
organism 46 after the organism has been subjected to a perturbation that affects the trait 
under study. Representative perturbations include, but are not limited to, exposing the 
organism 46 to an amount of a compound. Further, each set of cellular constituents for a 
respective organism 46 could represent measurements taken from a different tissue in the 
organisms. For example, one set of cellular constituent measurements could be from a 
blood sample taken from the respective organism while another set of cellular constituent 
measurements could be from fat tissue from the respective organism. 

Step 7152. In step 7152 (Fig. 71A), the phenotypic data 7201 (Fig. 72) collected 
in step 7150 is used to divide the population into phenotypic groups 7310 (Fig. 73). The 
method by which step 71 52 is accomplished is dependent upon the type of phenotypic 
data measured in step 7150. For example, in the case where the only phenotypic data is 
whether or not the organism 46 exhibits a particular trait, step 71 52 is straightforward. 
Those organisms 46 that exhibit the trait are placed in a first group and those organisms 
46 that do not exhibit the trait are placed in a second group. A slightly more complex 
example is where amounts 7201 represent gradations of a quantified trait exhibited by 
each organism 46. For example, in the case where the trait is obesity, each amount 7201 
can correspond to an obesity index (e.g., body mass index, etc.) for the respective 
organism 46. In this second example, organisms 46 can be binned into phenotypic groups 
7310 as a function of the obesity index. 

In yet another example in accordance with the invention, several phenotypic 
measurements can be collected for a given organism 46. In such embodiments, each 
phenotypic measurement 7201 for a respective organism 46 can be treated as elements of 
a phenotypic vector corresponding to the respective organism 46. These phenotypic 
vectors can then be clustered using, for example, any of the clustering techniques 
disclosed in Section 5.5 in order to derive phenotypic groups 73 1 0. To illustrate, in one 
example, the organisms 46 are human and measurements 7201 are derived from a 
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standard 12-lea^Kctrocardiogram graph (ECG). The standi 12-lead ECG is a 
representation of the heart's electrical activity recorded from electrodes on the body 
surface. The ECG provides a wealth of phenotypic data including, but not limited to, 
heart rate, heart rhythm, conduction, wave form description, and ECG interpretation 
5 (typically a binary event, e.g., normal, abnormal). Each of these different phenotypes 
(heart rate, heart rhythm) can be quantified as elements in a phenotypic vector. Further, 
some elements of the phenotypic vector (e.g., ECG interpretation) can be given more 
weight during clustering. For instance, the ECG measurements can be augmented by 
additional phenotypes such as blood cholesterol level, blood triglyceride level, sex, or age 
10 in order to derive a phenotypic vector for each respective organism 46. Once suitable 
phenotypic vectors are constructed, they can be clustered using any of the clustering 
algorithms in Section 5.5 in order to identify phenotypic groups 7310. 

In some embodiments, step 7152 is an iterative process in which various 
phenotypic vectors are constructed and clustered until a form of phenotypic vector that 
1 5 produces clear, distinct groups is identified. Of particular interest are those phenotypic 
vectors that are capable of producing phenotypic groups 7310 that are uniquely 
characterized by certain phenotypes (e.g., an abnormal ECG/ high cholesterol subgroup, a 
normal ECG/ low cholesterol subgroup). 

Using the example presented above, phenotypic vectors that can be iteratively 
20 tested include a vector that has ECG data only, one that has blood measurements only, 
one that is a combination of the ECG data and blood measurements, one that has only 
select ECG data, one that has weighted ECG data, and so forth. Furthermore, optimal 
phenotypic vectors can be identified using search techniques such as stochastic search 
techniques (e.g., simulated annealing, genetic algorithm). See, for example, Duda et al, 
25 2001, Pattern Recognition, second edition, John Wiley & Sons, New York. 

Step 7154. In step 7154, the phenotypic extremes within the population are 
identified. For example, in one case, the trait of interest is obesity. In step 7154, very 
obese and very skinny organisms 46 can be selected as the phenotypic extremes. In one 
embodiment of the present invention, a phenotypic extreme is defined as me top or lowest 
30 40 th , 30 th , 20 th , or 10 th percentile of the population with respect to a given phenotype 
exhibited by the population. 

Step 7156. In step 7156, a plurality of cellular constituents (levels 50, Fig. 72) for 
the species represented by organisms 46 are filtered. Only levels 50 measured for 
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ied in this filtering. To 



phenotypically e: 



ie organisms 46 selected in step 7154 



illustrate using Fig. 73, consider the case in which organism 46-1 and organism 46-N 
represent phenotypic extremes with respect to some phenotype whereas organism 46-2 
does not. Then, in this instance, levels 50 measured for organism 46-6 and 46-N will be 
considered in the filtering whereas levels 50 measured for organism 46-2 will not be 
considered in the filtering. 

In some embodiments, cellular constituent levels 50 (measured in phenotypically 
extreme organisms) for a given cellular constituent 48 are subjected to a t-test (or a 
multivariate test) to determine whether the given cellular constituent 48 can discriminate 
between the phenotypic groups 7310 (Fig. 73) that were identified in step 7152, above. A 
cellular constituent 48 will discriminate between phenotypic groups when the cellular 
constituent is found at characteristically different levels in each of the phenotypic groups 
7310. For example, in the case where there are two phenotypic groups 7310, a cellular 
constituent will discriminate between the two groups 7310 when levels 50 of the cellular 
constituent (measured in phenotypically extreme organisms) are found at a first level in 
the first phenotypic group and are found at a second level in the second phenotypic group, 
where the first and second level are distinctly different. 

In preferred embodiments, each cellular constituent is subjected to a t-test without 
consideration of the other cellular constituents in the organism. However, in other 
embodiments, groups of cellular constituents are compared in a multivariate analysis in 
step 7156 in order to identify those cellular constituents that discriminate between 
phenotypic groups 7310. 

Step 7158. Typically, there will be a large number of cellular constituents 
expressed in phenotypically extreme organisms that appear to differentiate between the 
phenotypic groups identified in step 7152. In some instances, this number of cellular 
constituents 48 can exceed the number of organisms 46 available for study. For instance, 
in some embodiments, 25,000 genes or more are considered in previous steps. Thus, 
there may be hundreds if not thousands of genes that discriminate. In some instances, 
these discriminating cellular constituents are analyzed in subsequent steps with statistical 
models that involve many statistical parameters that increase with the number of 
predictors. In such instances, it is desirable to reduce the number of cellular constituents 
using a reducing algorithm. However, in other instances, other forms of statistical 
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analysis are us^Pat do not require reduction in the numbeW cellular constituents under 
consideration. 

The reducing algorithms that are optionally used in step 7158 use the p- value or 
other form of metric computed for each cellular constituent in step 7156 as a basis for 
5 reducing the dimensionality of the cellular constituent set identified in step 7156. A few 
exemplary reducing algorithms will be discussed. However, those of skill in the art will 
appreciate that many reducing algorithms are known in the art and all such algorithms can 
be used in step 7158. 

One reducing algorithm is stepwise regression. The basic procedure in stepwise 
1 0 regression involves (1 ) identifying an initial model (e.g. , an initial set of cellular 
constituents), (2) iteratively "stepping," that is, repeatedly altering the model at the 
previous step by adding or removing a predictor variable (cellular constituent) in 
accordance with the "stepping criteria," and (3) terminating the search when stepping is 
no longer possible given the stepping criteria, or when a specified maximum number of 
1 5 steps has been reached. Forward stepwise regression starts with no model terms (z. e. , no 
cellular constituents). At each step the regression adds the most statistically significant 
term until there are none left. Backward stepwise regression starts with all the terms in 
the model and removes the least significant cellular constituents until all the remaining 
cellular constituents are statistically significant. It is also possible to start with a subset of 
20 all the cellular constituents and then add significant cellular constituents or remove 
insignificant cellular constituents until a desired dimensionality reduction is achieved. 

Another reducing algorithm that can be used in step 7158 is all-possible-subset 
regression. In fact, all-possible-subset regression can be used in conjunction with 
stepwise regression. The stepwise regression search approach presumes there is a single 

25 "best" subset of cellular constituents and seeks to identify it. In the all-possible-subset 
regression approach, the range of subset sizes that could be considered to be useful is 
made. Only the "best" of all possible subsets within this range of subset sizes are then 
considered. Several different criteria can be used for ordering subsets in terms of 
"goodness", such as multiple R-square, adjusted R-square, and Mallow's Cp statistics. 

30 When all-possible-subset regression is used in conjunction with stepwise methods, the . 
subset multiple R-square statistic allows direct comparisons of the "best" subsets 
identified using each approach. 
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Anothe^roach to reducing higher dimensional sff into lower dimensional 
space in accordance with step 71 58 (Fig. 71 A) of the present invention is the use of linear 
combinations of cellular constituents. In effect, linear methods project high-dimensional 
data onto a lower dimensional space. Two approaches for accomplishing this projection 
5 include Principal Component Analysis (PCA) and Multiple-Discriminant Analysis 
(MDA). PCA seeks a projection that best represents the data in a least-squares sense 
whereas MDA seeks a projection that bests separates the data in a least-squares sense. 
See, for example, Dudaera/., 2001, Patient Classification, Chapters 3 and 10. 

The ultimate goal of step 7158 is to identify a classifier derived from the set of 
10 cellular constituents identified in step 7156 or a subset of the cellular constituents 
identified in step 7156 that satisfactorily classifies organisms 46 into the phenotypic 
groups 7310 identified in step 7152. In some embodiments of the present invention, 
stochastic search methods such as simulated annealing can be used to identify such a 
classifier or subset. In the simulated annealing approach, for example, each cellular 
constituent under consideration can be assigned a weight in a function that assesses the 
aggregate ability of the set of cellular constituents identified in step 7156 to (fiscriminate 
the organisms 46 into the phenotypic classes identified in step 7152. During the 
simulated annealing algorithm these weights can be adjusted. In fact, some cellular 
constituents can be assigned a zero weight and, therefore, be effectively eliminated during 
20 the anneal thereby effectively reducing the number of cellular constituents used in 

subsequent steps. Other stochastic methods that can be used in step 7158 include, but are 
not limited to, genetic algorithms. See, for example, the stochastic methods in Chapter 7 
of Duda et al, 2001, Pattern Classification, second edition, John Wiley & Sons, New 
York. 

25 Step 7160. In some embodiments, the cellular constituents identified in steps 

7156 and/or 7158 are clustered in order to further identify subgroups within each 
phenotypic subpopulation. To perform such clustering, an expression vector is created 
for each cellular constituent under consideration. To create an expression vector for a 
respective cellular constituent, the levels 7201 measured for the respective cellular 
constituent in each of the phenotypically extreme organisms is used as an element in the 
vector. For example, consider the case in which an expression vector for cellular 
constituent 48-1 is to be constructed from organisms 46-1, 46-2, and 46-3. Levels 50-1-1, 
50-2-1, and 50-3-1 would serve as the three elements of the expression vector that 
represents cellular constituent 48-1. Each of the expression vectors are then clustered 
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embodiment, k-means clustering (Section 5.5.2) is used. 

An advantage of step 7160 is that subpopulations 7320 (Fig. 73) that cannot be 
differentiated based upon phenotype can be identified. Such subgroups 7320 can be used 
to refine a classifier that classifies organisms into classes, as detailed in the following 
steps. 

Step 7164. hi step 7164, the set of cellular constituents identified as 
discriminators between phenotypic extremes that were identified in previous steps (or 
principal components derived from such cellular constituents) are used to build a 
classifier. This set of cellular constituents actually refines the definition of the clinical 
phenotype under study. 

A number of pattern classification techniques can be used to accomplish this task, 
including, but not limited to, Bayesian decision theory, maximum-likelihood estimation, 
linear discriminant functions, multilayer neural networks, and supervised as well as 
unsupervised learning. 

In one embodiment in accordance with step 71 64, the set of cellular constituents 
that discriminate the phenotypically extreme organisms into phenotypic groups is used to 
train a neural network using, for example, a back-propagation algorithm. In this 
embodiment, the neural network serves as a classifier. First, the neural network is trained 
with the set of cellular constituents that discriminate the phenotypically extreme 
organisms into phenotypic groups. In more detail, the cellular constituent values (e.g., 
measured levels 50 of cellular constituents 48 selected in previous steps) from all the 
organisms 46 in the phenotypically extreme groups are used to train the neural network. 
Then, the trained neural network is used to classify the general population into phenotypic 
groups. In some embodiments the neural network that is trained is a multilayer neural 
network. In other embodiments, a projection pursuit regression, a generalized additive 
model, or a multivariate adaptive regression spline is used. See for, example, any of the 
techniques disclosed in Chapter 6 of Duda et al 9 2001, Pattern Classification, second 
edition, John Wiley & Sons, Inc., New York. 

In another embodiment in accordance with step 7 1 64, Bayesian decision theory 
can be used to build a classifier using the selected cellular constituent data. Bayesian 
decision theory plays a role when there is some a prioi information about the tilings to be 
classified. Here, the set of cellular constituents that discriminate the phenotypically 
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extreme organic into phenotypic groups serves as the apnori information. More 
specifically, the intensity or cellular constituent levels 50 for the cellular constituents 48 
selected in steps 7156-7160 from each of the phenotypically extreme organisms 46 serve 
as the a priori information. For more information on Bayesian decision theory, see for, 
5 example, any of the techniques disclosed in Chapters 2 and 3 of Duda et al, 2001, 
Pattern Classification, second edition, John Wiley & Sons, Inc., New York. 

In still another embodiment in accordance with step 7164, linear discriminate 
analysis (functions), linear programming algorithms, or support vector machines are used 
to create a classifier that is capable of classifying the general population of organisms 46 

1 0 into phenotypic groups 73 1 0. This classification is based on the cellular constituent data 
50 for the cellular constituents 248 that refined the definition of the clinical phenotype 
(i.e. the cellular constituents selected in steps 7156, 7158, and/or 7160. For more 
information on this class of pattern classification functions, see for, example, any of the 
techniques disclosed in Chapter 5 of Duda et al, 2001, Pattern Classification, second 

15 edition, John Wiley & Sons, Lac, New York. 

Step 7166. In step 7166, the classifier derived in step 7164 is used to classify all 
or a substantial portion (e.g., more than 30%, more than 50%, more than 75%) of the 
population under study. Essentially, the classifier bins the remaining population (the 
portions of the population that do not include the phenotypic extremes) without taking 
20 their phenotypic (e.g., phenotype amounts 7201, Fig. 72) into consideration. The process 
of using the classifier to classify the general population produces phenotypic subgroups 
7350 (Fig. 73). Phenotypic subgroups 7350 are, in fact, a refinement of the trait under 
study. 

Step 7168. The steps leading to and including step 7160 serve to identify cellular 
25 constituents that are capable of classifying organisms into phenotypic groups. In step 
7164, this set of cellular constituents is used to construct a classifier that is capable of 
classifying the general population under study into phenotypic groups 73 10. In many 
pattern classification techniques, such as a back-propagation algorithm that uses a 
multilayer network, the classifier constructed in step 7164 will no longer be the simple 
30 subset of cellular constituents identified in steps 7156 through 7160. Rather, the form of 
the classifier will depend on the type of pattern recognition technique used to develop the 
classifier. In some embodiments, however, the classifier derived in step 7164 can be a set 
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is a simple decision 



of cellular constil 



in the case where the classification schl 



tree (e.g., if level for constituent 5 is greater than 50 than place in phenotypic class B). 

Regardless of its form, the classifier formed in step 7164 serves to further refine 
the phenotypic groups 7310 defined in step 7152 or the subgroups 7320 defined in step 
5 7160. As such, the methods disclosed in this section can be used to refine a trait under 
study. This refinement is illustrated in Fig. 73. At the outset, the trait under study is 
exhibited by some population 7300 of organisms 46. In step 7152 of the method, 
observation of gross (visible, measurable) phenotypes (other than cellular constituent 
levels) related to the trait are used to divide the general population 7300 into two or more 
10 phenotypic groups 7310 (Fig. 73). In step 7160 of the method, optional clustering of 

select cellular constituents serves to refine a phenotypic group into subphenotypic groups 
7320 (Fig. 73). 

A benefit of step 7160 is that the clustering in step 7160 refines the trait under 
study into groups 7320 (Fig. 73) that are not distinguishable using gross observable 

15 phenotypic data (other than cellular constituent levels) such as amounts 7201 (Fig. 72). 
As such, optional step 7160 provides a powerful way to refine the definition of the 
clinical trait under study by focusing on those cellular constituents that actually give rise 
to the clinical trait or well reflects the varied biochemical response to that trait. However, 
the refinement provided in step 7160 is incomplete because it is based on only a select 

20 portion of the general population under study, those organisms that represent phenotypic 
extremes. Accordingly, in step 7164, a more robust classifier is built using the initial set 
of cellular constituents selected based upon phenotypic extremes organisms 46 as a 
starting point. As illustrated in Fig. 73, in step 7166, the classifier derived in step 7164 
classifies the trait under study into highly refined subgroups 7350. Thus, although only 

25 gross categories such as groups 73 10 or 7320 were used to develop the classifier, the 
classifier will split the population into clusters that can fall within groups 7310 and/or 
1 120. These clusters are denoted as subgroups 7350 in Fig 73. Each of these subgroups 
7350 serves to refine the trait under study. In other words, each of the subgroups 7350 is 
a more homogenous form of the overall trait under study. The classifier classifies the 

30 general population without considering phenotypic data (e.g., levels 7201, Fig:_72). 
Therefore, it is possible that the groups 7350 will not fall neatly within groups 7320 
and/or 7310. 
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The class^^developed using the methods described^Bmis section serves to 
refine the definition of a trait of interest. Thus, each group 7350 in Fig. 73 identified 
using the classifier represents a more homogenous population with respect to the trait of 
interest. Cellular constituent measurements from organisms in respective groups 7350 
can be used as quantitative traits in quantitative genetic studies such as linkage analysis 
(Section 5.13) or association analysis (5.14). It is expected that linkage analysis and/or 
association analysis using data from individual groups 7350 rather than the general 
population will provide improved results, particularly in situations where the trait under 
study is complex and/or is driven by many different genes. In such instances, the 
individual groups 7350 could represent a more homogenous population or state. 
Consequently the genes that drive or link to the QTL (or loci) patterns in such populations 
7350 could be easier to identify than in the case where cellular constituent data form the 
entire population is used as quantitative traits in such studies. An example where 
quantitative genetic analysis on subgroups rather than the general population was used to 
identify genes associated with a trait of interest is provided in Schadt et al, 2003, Nature 
422, p. 297. 



5.18. OBESITY RELATED GENES AND OBESITY RELATED GENE 

PRODUCTS 

In Section 6.7.1, four genes were discovered on mouse chromosome number 2 by 
co-localizing cQTL for the mouse obesity related traits (1) subcutaneous fat pad mass 
(Fig. 20, curve 2002), (2) perimetrial fat pad mass (Fig. 20, curve 2004), (3) omental fat 
pad mass (Fig. 20, curve 2006), and (4) adiposity (Fig. 20, curve 2008) with four eQTL 
with lod scores greater than 3.0 that correspond to genes whose physical locations are 
within the vicinity (e.g., 2 cM) of the four cQTL. 

Using the methods of the present invention as described, for example, in Section 
5.17 above, the human orthologs to these four mouse genes were determined. The four 
mouse genes, their gene products, and their human orthologs are summarized in Tables 3 
and 4 in Section 6.7.5 below (SEQ ID NO: 1 through SEQ ID NO: 29). Together, these 
genes and proteins are referred to as "obesity related genes" and "obesity related gene 
products" of the present invention! 

The term "obesity related genes" includes cDNAs or other nucleic acids that 
encode any one of SEQ ID NO: 4, SEQ ID NO: 5, SEQ ID NO: 6, SEQ ID NO: 7, SEQ 
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ID NO: 8, SE^ NO: 10, SEQ ID NO: 1 1, SEQ ID NO^SEQ ID NO: 15, SEQ ID 

NO: 17, SEQ ID NO: 18, SEQ ID NO: 21, SEQ ID NO: 22, SEQ ID NO: 23, SEQ ID 

NO: 24, SEQ ID NO: 25, SEQ ID NO: 26, SEQ ID NO: 27, SEQ ID NO: 28, and SEQ ID 

NO: 29 in whole or in part. As such, the term "obesity related genes" includes the nucleic 

> acid sequence set forth in SEQ ID NO: 1 , SEQ ID NO: 2, SEQ ID NO: 3, SEQ ID NO: 9, 

SEQ ID NO: 12, SEQ ID NO: 13, SEQ ID NO: 16, SEQ ID NO: 19, SEQ ID NO: 20. 

The "obesity related genes" of the invention include human and mouse genes as well as 

related genes (homologs or orthologs) in other species. 

The term "obesity related gene products" includes amino acid macromolecules 
that includes a sequence as substantially set forth in any one of SEQ ID NO: 4, SEQ ID 
NO: 5, SEQ ID NO: 6, SEQ ID NO: 7, SEQ ID NO: 8, SEQ ID NO: 10, SEQ ID NO: 1 1, 
SEQ ID NO: 14,SEQIDNO: 15,SEQIDNO: 17,SEQIDNO: 18, SEQ ID NO: 21, 
SEQ ID NO: 22, SEQ ID NO: 23, SEQ ID NO: 24, SEQ ID NO: 25, SEQ ID NO: 26,' 
SEQ ID NO: 27, SEQ ID NO: 28, and SEQ ID NO: 29 as described in Section 6.7.5. ' 

In specific embodiments, the "obesity related genes" and "obesity related gene 
products" are from vertebrates, or more particularly, mammals. Production of the 
foregoing proteins and derivatives, e.g., by recombinant methods, is provided. 

The invention also relates to obesity related gene products that are functionally 
active, i.e., they are capable of displaying one or more known functional activities 
20 associated with a full-length (wild-type) obesity related gene product. 

The invention further relates to fragments, and derivatives thereof, of obesity 
related gene products that comprise one or more domains of an obesity related gene 
product. Antibodies to obesity related gene products and derivatives of such antibodies 
{e.g., the binding domain of such antibodies) are further provided by the present 
25 invention. 

The present invention further relates to therapeutic and diagnostic methods and 
compositions based on obesity related genes and/or obesity related gene products as well 
as antibodies that bind to the obesity related gene products. 

Animal models, diagnostic methods and screening methods for predisposition to 
30 disorders are also provided by the invention. 

The invention further provides methods of treatment of obesity and obesity related 
diseases such as anorexia nervosa, bulimia nervosa, and cachexia using modulators of the 
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obesity related g^^and obesity related gene products descmR in Section 6.7.5. 
Modulators, e.g. 9 inhibitors and agonists, of the obesity related genes and obesity related 
gene products described in Section 6.7.5. can be identified by any method known in the 
art. In particular, molecules can be assayed for their ability to promote or inhibit 
5 (modulate) the expression of the obesity related genes described in Section 6.7.5. Once 
modulators are identified, they can be assayed for therapeutic efficacy using any assay 
available in the art for obesity. 

Modulators may be identified by screening for molecules that bind to the obesity 
related gene products described in Section 6.7.5. Molecules that bind such gene products 

10 may be identified in many ways that are well known and routine in the art. For example, 
but not by way of limitation, by overexpressing such a gene product (e.g., SEQ ID NO: 8, 
SEQ ID NO: 11, SEQ ID NO: 15, SEQ ID NO: 18, SEQ ID NO: 25, SEQ ID NO: 26, or 
SEQ ID NO: 27) in a cell line that endogenously expresses little or none of the gene 
product and assaying for molecules that bind to the cells overexpressing the gene product 

15 and that do not bind to the cells not overexpressing the gene product; or by conjugating 
the gene product to. a solid support (e.g., a chromatography resin) contacting the 
conjugated gene product to a solid support with a molecule of interest, isolating the solid 
support and determining whether the molecule of interest bound to the gene product. 
Other methods include, screening phage display libraries, combinatorial chemical 

20 libraries and the like for binding to one or more of the gene products described in Section 
6.7.5. 



5.18.1. SCREENING FOR OBESITY RELATED GENE AGONISTS AND 

ANTAGONISTS 

25 The amino acid and nucleotide sequences for the obesity related genes and obesity 

related gene products of the present invention are illustrated in Figs. 27-32, 34-38, and 
40-53. Thus, these nucleotide and amino acid sequences can be used to prepare protein 
for screening by methods that are routine and well known in the art (see, e.g., Sambrook 
et al., 2001, Molecular Cloning, A Laboratory Manual, Third Edition, Cold Spring 

30 Harbor Laboratory Press, N.Y.; and Ausubel et al. 9 1989, Current Protocols in Molecular 
Biology, Green Publishing Associates and Wiley Interscience, N.Y., both of which are 
hereby incorporated by reference in their entireties). For example, using any of the gene 
sequences disclosed in Section 6.7.5, oligonucleotide primers for PCR amplification can 
be designed. PCR amplification is then used to amplify specifically the obesity related 
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protein coding se^ce, which can be cloned into an approprK expression vector using 
routine techniques. That vector may then be introduced into bacterial or cultured 
eukaryotic cells (e.g., cultured mammalian cells, insect cells, etc) such that the obesity 
related gene product is expressed in the bacterial or cultured cell. The obesity related 
gene product may then be isolated from the bacterial or eukaryotic cell culture. 

By way of example, diversity libraries, such as random or combinatorial peptide 
or nonpeptide libraries can be screened for molecules that specifically bind to and/or 
modulate the function of the obesity related gene product. Many libraries are known in 
the art that can be used, e.g., chemically synthesized libraries, recombinant (e.g., phage 
display libraries), and in vitro translation-based libraries. 

Examples of chemically synthesized libraries are described in Fodor et al, 1991, 
Science 251:767-773; Houghten et al, 1991, Nature 354:84-86; Lam et al, 1991, 
Nature 354:82-84; Medynski, 1994, Bio/Technology 12:709-710; Gallop etal, 1994, J. 
Medicinal Chemistry 37(9):1233-1251; Ohlmeyer et al, 1993, Proc. Natl. Acad. Sci. 
USA 90:10922-10926; Erb et al, 1994, Proc. Natl. Acad. Sci. USA 91:1 1422-11426; 
Houghten etal, 1992, Biotechniques 13:412; Jayawickreme et al, 1994, Proc. Natl. 
Acad. Sci. USA 91:1614-1618; Salmon etal, 1993, Proc. Natl. Acad. Sci. USA 
90:1 1708-1 1712; PCT Publication No. WO 93/20242; and Brenner and Lerner, 1992, 
Proc. Natl. Acad. Sci. USA 89:5381-5383. 

Examples of phage display libraries are described in Scott and Smith, 1990, 
Science 249:386-390; Devlin et al, 1990, Science, 249:404-406; Christian, R.B., et al, 
1992, J. Mol. Biol. 227:71 1-718; Lenstra, 1992, J. Immunol. Meth. 152:149-157; Kay et 
al, 1993, Gene 128:59-65; and PCT Publication No. WO 94/183 18 dated August 18, 
1994. 

In vitro translation-based libraries include but are not limited to those described in 
PCT Publication No. WO 91/05058 dated April 1 8, 1991; and Mattheakis et al, 1994, 
Proc. Natl. Acad. Sci. USA 91:9022-9026. 

By way of examples of nonpeptide libraries, a benzodiazepine library (see e.g., 
Bunin et al, 1994, Proc. Natl. Acad. Sci. USA 91 :4708-4712) can be adapted for use. 
Peptoid libraries (Simon etal, 1992, Proc. Natl. Acad. Sci. USA 89:9367-9371) can also 
be used. Another example of a library that can be used, in which the amide 
functionalities in peptides have been permethylated to generate a chemically transformed 
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combinatorial libr^^JS described by Ostresh et al (1994, ProflNatl. Acad. Sci. USA 
91:11138-11142). 

Screening the libraries can be accomplished by any of a variety of commonly 
known methods. See, e.g., the following references, which disclose screening of peptide 
libraries: Parmley and Smith, 1989, Adv. Exp. Med. Biol. 251:215-218; Scott and Smith, 
1990, Science 249:386-390; Fowlkes et al, 1992; BioTechniques 13:422-427; Oldenburg 
etal, 1992, Proc. Natl. Acad. Sci. USA 89:5393-5397; Yu etal, 1994, Cell 76:933-945; 
Staudt et al, 1988, Science 241:577-580; Bock et al, 1992, Nature 355:564-566; Tuerk 
et al, 1992, Proc. Natl. Acad. Sci. USA 89:6988-6992; Ellington et al, 1992, Nature 
355:850-852; U.S. Patent No. 5,096,815, U.S. Patent No. 5,223,409, and U.S. Patent No. 
5,198,346, all to Ladner et al; Rebar and Pabo, 1993, Science 263:671-673; and PCT 
Publication No. WO 94/18318. 

In a specific embodiment, screening can be carried out by contacting the library 
members with an obesity related gene product disclosed in Section 6.7.5 (or nucleic acid 
or derivative) immobilized on a solid phase and harvesting those library members that 
bind to the protein (or nucleic acid or derivative). Examples of such screening methods, 
termed 'fanning" techniques are described by way of example in Parmley and Smith, 
1988, Gene 73:305-318; Fowlkes et al, 1992, BioTechniques 13:422-427; PCT 
Publication No. WO 94/18318; and in references cited hereinabove. 

In another embodiment, the two-hybrid system for selecting interacting proteins in 
yeast (Fields and Song, 1989, Nature 340:245-246; Chien et al, 1991, Proc. Natl. Acad. 
Sci. USA 88:9578-9582) can be used to identify molecules that specifically bind to an 
obesity related gene product disclosed in Section 6.7.5 or derivative. 



5.18.2. ISOLATION OF OBESITY RELATED GENES 

The invention relates to the nucleotide sequences of nucleic acids. In a specific 
embodiment, the invention relates to nucleic acids that encode an amino acid sequence 
substantially as set forth in SEQ ID NO: 8 (Fig. 31), such as, for example, SEQ ID NO: 2 
and SEQ ID NO: 3 (Fig. 28, 29). In further specific embodiments, nucleic acids of the 
present invention comprise the cDNA sequences of SEQ ID NO: 2 or SEQ ID NO: 3, the 
coding regions thereof, or the complements thereto. 
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The inv^p»n provides purified nucleic acids consist of at least 10 nucleotides 

{i.e., a hybridizable portion) of a nucleotide sequence encoding a SEQ ID NO: 2 or SEQ 

ID NO:3; in other embodiments, the nucleic acids consist of at least 10, 20, 50, 100, 150, 

or 200 contiguous nucleotides of a nucleotide sequence encoding SEQ ID NO: 2 or SEQ 

5 ID NO: 3, or a full-length coding sequence. In another embodiment, the nucleic acids are 

smaller than 35, 200 or 500 nucleotides in length. Nucleic acids can be single or double 

stranded, hi another embodiment, the nucleic acids comprise a sequence of at least 10 

nucleotides that encode a fragment of SEQ ID NO: 8, wherein the fragment of the SEQ 

ID NO: 8 displays one or more functional activities of SEQ ID NO: 8. 

10 

5.18.2.1. LOW STRINGENCY CONDITIONS 

The invention also relates to nucleic acids hybridizable to or complementary to the 
foregoing sequences. In specific aspects, nucleic acids are provided that comprise a 
sequence complementary to at least 10, 25, 50, 100, or 200 nucleotides or the entire 
15 coding region of a gene encoding SEQ ID NO: 8. The invention further relates to nucleic 
acid sequences that bind under conditions of low stringency to a nucleic acid that encodes 
SEQ ID NO: 8. 

By way of example and not limitation, procedures using such conditions of low 
stringency are as follows (see also Shilo and Weinberg, 1981, Proc. Natl. Acad. Sci. 

20 U.S. A. 78 :6789-6792): Filters containing DNA are pretreated for 6 h at 40°C in a 

solution containing 35% formamide, 5X SSC, 50 mM Tris-HCl (pH 7.5), 5 mM EDTA, 
0.1% PVP, 0.1% Ficoll, 1% BSA, and 500 mg/ml denatured salmon sperm DNA. 
Hybridizations are carried out in the same solution with the following modifications: 
0.02% PVP, 0.02% Ficoll, 0.2% BSA, 100 mg g/ml salmon sperm DNA, 10% (wt/vol) 

25 dextran sulfate, and 5-20 X 106 cpm 32P-labeled probe is used. Filters are incubated in 
hybridization mixture for 18-20 h at 40°C, and then washed for 1 .5 h at 55°C in a solution 
containing 2X SSC, 25 mM Tris-HCl (pH 7.4), 5 mM EDTA, and 0.1% SDS. The wash 
solution is replaced with fresh solution and incubated an additional 1.5 h at 60°C. Filters 
8£* blotted dry and exposed for autoradiography. If necessary, filters are washed for a 

30 third time at 65-68°C and reexposed to film. Other conditions of low stringency that may 
be used are well known in the art (e.g., as employed for cross-species hybridizations). 
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^^8.2.2. HIGH STRINGENCY CONlS«ONS 

In another specific embodiment, a nucleic acid hybridizable to a nucleic acid 
encoding SEQ ID NO: 8 under conditions of high stringency is provided. By way of 
example and not limitation, procedures using such conditions of high stringency are as 
follows. Prehybridization of filters containing DNA is carried out for 8 hours to 
overnight at 65°C in buffer composed of 6X SSC, 50 mM Tris-HCl (pH 7.5), 1 mM 
EDTA, 0.02% PVP, 0.02% Ficoll, 0.02% BSA, and 500 mg/ml denatured salmon sperm 
DNA. Filters are hybridized for 48 hours at 65°C in prehybridization mixture containing 
100 mg/ml denatured salmon sperm DNA and 5-20 X 106 cpm of 32P-labeIed probe. 
Washing of filters is done at 37°C for one hour in a solution containing 2X SSC, 0.01% 
PVP, 0.01% Ficoll, and 0.01% BSA. This is followed by a wash in 0.1X SSC at 50°C for 
45 minutes before autoradiography. Other conditions of high stringency that may be used 
are well known in the art. 



5.18.2.3. MODERATE STRINGENCY CONDITIONS 

In another specific embodiment, a nucleic acid that is hybridizable to a nucleic 
acid encoding SEQ ID NO: 8 under conditions of moderate stringency is provided. As 
used herein, conditions of moderate stringency, as known to those having ordinary skill in 
the art, and as defined by Sambrook et al, Molecular Cloning: A Laboratory Manual, 2 nd 
Ed. Vol. 1, pp. 1.101-104, Cold Spring Harbor Laboratory Press, 1989), include use of a 
prewasbing solution for the nitrocellulose filters 5X SSC, 0.5% SDS, 1 .0 mM EDTA (pH 
8.0), hybridization conditions of 50% formamide, 6X SSC at 42°C (or other similar 
hybridization solution, or Stark's solution, in 50% formamide at 42°C), and washing 
conditions of about 60°C, 0.5X SSC, 0.1% SDS. See also, Ausubel et al, eds., in the 
Current Protocols in Molecular Biology series of laboratory technique manuals, © 1987- 
1997, Current Protocols, © 1994-1997, John Wiley and Sons, Inc.). The skilled artisan 
will recognize that the temperature, salt concentration, and chaotrope composition of 
hybridization and wash solutions may be adjusted as necessary according to factors such 
as the length and nucleotide base composition of the probe. 

5.18.2.4. DERIVATIVES AND ANTISENSE NUCLEIC ACIDS 

Nucleic acids encoding derivatives of SEQ ID NO: 8 and antisense nucleic acids 
to genes encoding SEQ ID NO: 8 are additionally provided. As is readily apparent, as 
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used herein, a nu^R acid encoding a fragment or portion oSR} ED NO: 8 shall be 
construed as referring to a nucleic acid encoding only the recited fragment or portion of 
the specific SEQ ED NO: 8 and not the other contiguous portions of SEQ ED NO: 8 as a 
continuous sequence. 



5.18.2.5. MOLECULAR BIOLOGY 

For expression cloning (a technique commonly known in the art), an expression 
library is constructed by methods known in the art. For example, mRNA (e.g., human) is 
isolated, cDNA is made and ligated into an expression vector (e.g., a bacteriophage 
derivative) such that it is capable of being expressed by the host cell into which it is then 
introduced. Various screening assays can then be used to select for the expressed protein 
product. In one embodiment, anti-SEQ ED NO: 8 antibodies can be used for selection. 

In another embodiment of the invention, polymerase chain reaction (PCR) is used 
to amplify the desired sequence in a genomic or cDNA library, prior to selection. 
Oligonucleotide primers representing known SEQ ED NO: 8-encoding sequences can be 
used as primers in PCR. In a preferred aspect, the oligonucleotide primers represent at 
least part of the conserved segments of strong homology between SEQ ED NO: 
8-encoding genes of different species. The synthetic oligonucleotides may be utilized as 
primers to amplify by PCR sequences from RNA or DNA, preferably a cDNA library, of 
potential interest. Alternatively, one can synthesize degenerate primers for use in the 
PCR reactions. 

Li PCR according to the invention, the nucleic acid being amplified can include 
RNA or DNA, for example, mRNA, cDNA or genomic DNA from any eukaryotic 
species. PCR can be carried out, e.g., by use of aPerkin-Elmer Cetus thermal cycler and 
Taq polymerase. It is also possible to vary the stringency of hybridization conditions 
used in priming the PCR reactions, to allow for greater or lesser degrees of nucleotide 
sequence similarity between a known TCAP nucleotide sequence and a nucleic acid 
homolog being isolated. For cross-species hybridization, low stringency conditions are 
preferred. For same-species hybridization, moderately stringent conditions are preferred. 
After successful amplification of a segment of a SEQ ED NO: 8 gene homolog, that 
segment may be cloned, sequenced, and utilized as a probe to isolate a complete cDNA or 
genomic clone. This, in turn, will permit the determination of the gene's complete 
nucleotide sequence, the analysis of its expression, and the production of its protein 
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product for func^pi analysis, as described infra. In this falRi, additional genes 
encoding SEQ ID NO: 8 may be identified. 

The above recited methods are not meant to limit the following general 
description of methods by which clones of genes encoding SEQ ID NO: 8 may be 
obtained. 

Any eukaryotic cell potentially can serve as the nucleic acid source for the 
molecular cloning of a SEQ ID NO: 8-encoding gene. The nucleic acid sequences 
encoding a SEQ ID NO: 8 homolog or ortholog can be isolated from vertebrate, 
mammalian, human, porcine, bovine, feline, avian, equine, canine, as well as additional 
primate sources. The DNA may be obtained by standard procedures known in the art 
from cloned DNA (e.g., a DNA "library"), by chemical synthesis, by cDNA cloning, or 
by the cloning of genomic DNA, or fragments thereof, purified from the desired cell. 
(See, for example, Sambrook et al. y 1989 Molecular Cloning, A Laboratory Manual, 2 nd 
ed., Cold Spring Harbor Laboratory Press, Cold Spring Harbor, New York; Glover, D.M. 
(ed.), 1985, DNA Cloning: A Practical Approach, MRL Press, Ltd., Oxford, U.K. Vol. I, 
II). Clones derived from genomic DNA may contain regulatory and intron DNA regions 
in addition to coding regions; clones derived from cDNA will contain Only exon 
sequences. Whatever the source, the gene should be cloned into a suitable vector for 
propagation of the gene. 

Li the cloning of the gene from genomic DNA, DNA fragments are generated, 
some of which will encode the desired gene. The DNA may be cleaved at specific sites 
using various restriction enzymes. Alternatively, one may use DNASE in the presence of 
manganese to fragment the DNA, or the DNA can be physically sheared, as for example, 
by sonication. The linear DNA fragments can then be separated according to size by 
standard techniques, including but not limited to, agarose and polyacrylamide gel 
electrophoresis and column chromatography. 

Once the DNA fragments are generated, identification of the specific DNA 
fragment containing the desired gene may be accomplished in a number of ways. For 
example, if a gene encoding SEQ ID NO: 8 (of any species) or its specific RNA, or a 
fragment thereof is available and can be purified and labeled, the generated DNA 
fragments may be screened by nucleic acid hybridization to the labeled probe (Benton 
and Davis, 1977, Science 196:180; Grunstein & Hogness, 1975, Proc. Natl. Acad. Sci. 
U.S.A. 72:3961). Those DNA fragments with substantial homology to the probe will 
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hybridize. It is a^ossible to identify the appropriate fragJMby restriction enzyme 
digestions) and comparison of fragment sizes with those expected according to a known 
restriction map if such is available. Further selection can be carried out on the basis of 
the properties of the gene. 

Alternatively, the presence of the gene may be detected by assays based on the 
physical, chemical, or immunological properties of its expressed product. For example, 
cDNA clones, or DNA clones that hybrid-select the proper mRNAs, can be selected that 
produce a protein having e.g., similar or identical electrophoretic migration, isoelectric 
focusing behavior, proteolytic digestion maps, kinase activity, inhibition of cell 
proliferation activity, substrate binding activity, or antigenic properties as known for SEQ 
ID NO: 8. If an antibody to SEQ ID NO: 8 is available, SEQ ID NO: 8 may be identified 
by binding of labeled antibody to the clone(s) putatively producing SEQ ID NO: 8 in an 
ELISA (enzyme-linked immunosorbent assay)-type procedure. 

Alternatives to isolating the genomic DNA encoding SEQ ID NO: 8 include, but 
are not limited to, chemically synthesizing the gene sequence itself from a known 
sequence or making cDNA to the mRNA which encodes SEQ ID NO: 8. Other methods 
are possible and within the scope of the invention. 

The identified and isolated gene can then be inserted into an appropriate cloning 
vector. A large number of vector-host systems known in the art may be used. Possible 
vectors include, but are not limited to, plasmids or modified viruses, but the vector system 
must be compatible with the host cell used. Such vectors include, but are not limited to, 
bacteriophages such as lambda derivatives, or plasmids such as PBR322 or pUC plasmid 
derivatives or the Bluescript vector (Stratagene). The insertion into a cloning vector can, 
for example, be accomplished by ligating the DNA fragment into a cloning vector which 
has complementary cohesive termini. However, if the complementary restriction sites 
used to fragment the DNA are not present in the cloning vector, the ends of the DNA 
molecules may be enzymatically modified. Alternatively, any site desired may be 
produced by ligating nucleotide sequences (linkers) onto the DNA termini; these ligated 
linkers may comprise specific chemically synthesized oligonucleotides encoding 
restriction endonuclease recognition sequences. In an alternative method, the cleaved 
vector and SEQ ID NO: 8-encoding gene may be modified by homopolymeric tailing. 
Recombinant molecules can be introduced into host cells via transformation, transfection, 
infection, electroporation, etc., so that many copies of the gene sequence are generated. 
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In an alte^Ive method, the desired gene may be ideMied and isolated after 
insertion into a suitable cloning vector in a Ashotgun approach. Enrichment for the 
desired gene, for example, by size fractionization, can be done before insertion into the 
cloning vector. 

In specific embodiments, transformation of host cells with recombinant DNA 
molecules that incorporate the isolated SEQ ID NO: 8-encoding gene, cDNA, or 
synthesized DNA sequence enables generation of multiple copies of the gene. Thus, the 
gene may be obtained in large quantities by growing transformants, isolating the 
recombinant DNA molecules from the transformants and, when necessary, retrieving the 
inserted gene from the isolated recombinant DNA. 

The nucleotide sequences encoding SEQ ID NO: 8 that are provided by the instant 
invention include those nucleotide sequences encoding substantially the same amino acid 
sequences as found in native SEQ ID NO: 8 proteins, and those encoded amino acid 
sequences with functionally equivalent amino acids. Sequences suitable for hybridization 
to SEQ ID NO: 12, SEQ ED NO: 16, and SEQ ID NO: 20 may be obtained in a similar 
fashion. 



5.18.3. PLACEMENT OF OBESITY RELATED GENES IN EXPRESSION 

VECTORS 

The nucleotide sequence coding for SEQ ID NO: 8 or a functionally active 
fragment or other derivative thereof, can be inserted into an appropriate expression 
vector, i.e., a vector that contains the necessary elements for the transcription and 
translation of the inserted protein-coding sequence. The necessary transcriptional and 
translational signals can also be supplied by the native SEQ ID NO: 8 gene and/or its 
flanking regions. A variety of host-vector systems may be utilized to express the 
protein-coding sequence. These include, but are not limited to, mammalian cell systems 
infected with virus {e.g., vaccinia virus, adenovirus, etc.); insect cell systems infected 
with virus (e.g., baculovirus); microorganisms such as yeast containing yeast vectors, or 
bacteria transformed with bacteriophage, DNA, plasmid DNA, or cosmid DNA. 

The expression elements of Vectors vary in their strengths and specificities. 
Depending on the host-vector system utilized, any one of a number of suitable 
transcription and translation elements may be used. In specific embodiments, the gene 
encoded by SEQ ID NO: 2 and SEQ ID NO: 3 is expressed, or a sequence encoding a 
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functionally acti^rtion of human SEQ ID NO: 8 encodeSf one of these genes is 
expressed. In yet another embodiment, a fragment of SEQ ID NO: 8 comprising a 
domain of the particular protein is expressed. 

Any of the methods previously described for the insertion of DNA fragments into 
a vector may be used to construct expression vectors containing a chimeric gene 
consisting of appropriate transcriptional/translational control signals and the protein 
coding sequences. These methods may include in vitro recombinant DNA and synthetic 
techniques and in vivo recombinants (genetic recombination). Expression of nucleic acid 
sequence encoding SET ID NO: 8 or peptide fragment thereof may be regulated by a 
second nucleic acid sequence so that the SEQ ID NO: 8 or peptide fragment thereof is 
expressed in a host transformed with the recombinant DNA molecule. For example, 
expression of SEQ ID NO: 8 may be controlled by any promoter/enhancer element ' 
known in the art. In a specific embodiment, the promoter is not a native promoter of the 
specific SEQ ID NO: 8-encoding gene. Promoters that may be used to control expression 
of SEQ p NO: 8-encoding genes include, but are not limited to, the SV40 early promoter 
region (Bernoist and Chambon, 1981, Nature 290:304-310), the promoter contained in the 
3' long terminal repeat of Rous sarcoma virus (Yamamoto et al, 1980, Cell 22:787-797), 
the herpes thymidine kinase promoter (Wagner et al, 1981, Proc. Natl. Acad. Sci. U.S.A. 
78: 1441-1445), the regulatory sequences of the metallothionein gene (Brinster et al, 
1982, Nature 296:39-42); prokaryotic expression vectors such as the b-lactamase 
promoter (Villa-Kamaroff et al, 1978, Proc. Natl. Acad. Sci. U.S.A. 75: 3727-3731), or 
the tat promoter peBoer et al, 1983, Proc. Natl. Acad. Sci. U.S.A. 80: 21-25); see also 
"Useful proteins from recombinant bacteria", Scientific American, 242: 74-94 (1980); or 
the cauliflower mosaic virus 35s RNA promoter (Gardner et al, 1981, Nucl. Acids Res. 
9:2871), and the promoter of the photosynthetic enzyme ribulose biphosphate carboxylase 
(Herrera-Estrella eta!., 1984, Nature 310:115-120); promoter elements from yeast or 
other fungi such as the Gal4 promoter, the ADC (alcohol dehydrogenase) promoter, PGK 
(phosphoglycerol kinase) promoter, alkaline phosphatase promoter, and the following 
animal transcriptional control regions, which exhibit tissue specificity and have been 
utilized in transgenic animals: elastase I gene control region active in pancreatic acinar 
cells (Swift et al, 1984, Cell 38: 639-646; Otnitz et al, 1986, Cold Spring Harbor Symp. 
Quant. Biol. 50: 399-409; MacDonald, 1987, Hepatology 7:425-515); insulin gene control 
region active in pancreatic beta cells (Hanahan, 1985, Nature 315:1 15-122), 
immunoglobulin gene control region active in lymphoid cells (Grosschedl et al, 1984, 
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Cell 38: 647-65^dames et al, 1985, Nature 318:533-538Wlexander et al, 1987, 
Mol. Cell. Biol. 7.1436-1444), mouse mammary tumor virus control region active in 
testicular, breast, lymphoid and mast cells (Leder et al., 1986, Cell 45:485-495), albumin 
gene control region active in liver (Pinkert et al, 1987, Genes and Devel. 1: 268-276), 
alpha-fetoprotein gene control region active in liver (Krumlauf et al, 1985, Mol. Cell. 
Biol. 5: 1639-1648); Hammer et al, 1987, Science 235:53-58); alpha 1-antitrypsin gene 
control region active in the liver (Kelsey et al., 1987, Genes and Devel. 1:161-171), 
beta-globin gene control region active in myeloid cells (Mogram et al, 1985, Nature 
315:338-340; Kollias et al, 1986, Cell 46:89-94; myelin basic protein gene control region 
active in oligodendrocyte cells in the brain (Readhead et al, 1987, Cell 48: 703-712); 
myosin light chain-2 gene control region active in skeletal muscle (Sani, 1985, Nature 
3 14:283-286), and gonadotropic releasing hormone gene control region active in the 
hypothalamus (Mason et al, 1986, Science 234: 1372-1378). 

In a specific embodiment, a vector is used that comprises a promoter operably 
linked to a SEQ ID NO: 8-encoding nucleic acid, one or more origins of replication, and, 
optionally, one or more selectable markers (e.g., an antibiotic resistance gene). In a 
specific embodiment, an expression construct is made by subcloning the coding sequence 
from a SBQ ID NO: 8 encoding gene into the EcoRI restriction site of each of the three 
pGEX vectors (Glutathione S-Transferase expression vectors; Smith and Johnson, 1988, 
Gene 7: 31-40). This allows for the expression of the SEQ ID NO: 8 product from the 
subclone in the correct reading frame. 

Expression vectors containing SEQ JD NO: 8-encoding gene inserts can be 
identified by three general approaches: (a) nucleic acid hybridization, (b) presence or 
absence of marker gene functions, and (c) expression of inserted sequences. In the first 
approach, the presence of a SEQ JD NO: 8-encoding gene inserted in an expression 
vector can be detected by nucleic acid hybridization using probes comprising sequences 
that are homologous to an inserted SEQ JD NO: 8-encoding gene. In the second 
approach, the recombinant vector/host system can be identified and selected based upon 
the presence or absence of certain "marker" gene functions (e.g., thymidine kinase 
activity, resistance to antibiotics, transformation phenotype, occlusion body formation in 
baculovirus, etc.) caused by the insertion of a SEQ ID NO: 8 encoding gene in the vector. 
For example, if the SEQ JD NO: 8-encoding gene is inserted within the marker gene 
sequence of the vector, recombinants containing the insert can be identified by the 
absence of the marker gene function. In the third approach, recombinant expression 
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vectors can be iddHffied by assaying the specific SEQ ED NO^product expressed by the 
recombinant. Such assays can be based, for example, on the physical or functional 



antibodies directed to SEQ ID NO: 8, or inhibition of cell function(s) performed, 
facilitated or affected by SEQ ID NO: 8. 

Once a particular recombinant DNA molecule is identified and isolated, several 
methods known in the art may be used to propagate it. Once a suitable host system and 
growth conditions are established, recombinant expression vectors can be propagated and 
prepared in quantity. As previously explained, the expression vectors that can be used 
include, but are not limited to, the following vectors or their derivatives: human or animal 
viruses such as vaccinia virus or adenovirus; insect viruses such as baculovirus; yeast 
vectors; bacteriophage vectors (e.g., lambda), and plasmid and cosmid DNA vectors. 

In addition, a host cell strain may be chosen that modulates the expression of the 
inserted sequences, or modifies and processes the gene product in the specific fashion 
desired. Expression from certain promoters can be elevated in the presence of certain 
inducers; thus, expression of the genetically engineered SEQ ID NO: 8 may be controlled. 
Furthermore, different host cells have characteristic and specific mechanisms for the 
translational and post-translational processing and modification (e.g., glycosylation, 
phosphorylation of proteins. Appropriate cell lines or host systems can be chosen to 
ensure the desired modification and processing of the foreign protein expressed. For 
example, expression in a bacterial system can be used to produce an unglycosylated core 
protein product. Expression in yeast will produce a glycosylated product. Expression in 
mammalian cells can be used to ensure native glycosylation of a heterologous protein. 
Furthermore, different vector/host expression systems may affect processing reactions to 
different degrees. 

In other specific embodiments, the SEQ ID NO: 8, or fragment or derivative 
thereof, maybe expressed as a fusion, or chimeric protein product, comprising the 
protein, fragment or derivative joined via a peptide bond to a protein sequence derived 
from a different protein. Such a chimeric product can be made by ligating the appropriate 
nucleic acid sequences encoding the desired amino acid sequences to each other by 
methods known in the art, in the proper coding frame, and expressing the chimeric 
product by methods commonly known in the art. In one embodiment, therefore, the 
invention includes an isolated nucleic acid comprising a sequence of at least 10 



properties of SEQ ID NO: 8 in in vitro assay systems, e.g., kinase activity, binding with 
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nucleotides enc<mm a chimeric SEQ ID NO: 8, wherein th^Hmeric SEQ ID NO: 8 
displays at least one of the functional activities of the wild-type SEQ ID NO: 8, and at 
least one non-SEQ ID NO: 8 functional activity. Alternatively, such a chimeric product 
may be made by protein synthetic techniques, e.g., by use of a peptide synthesizer. 

A person of skill in the art will appreciate that cDNA, genomic, and synthesized 
sequences can be cloned and expressed. One way to accomplish such expression is by 
transferring a SEQ ID NO: 8 encoding gene or fragment thereof, to cells in tissue culture. 
The expression of the transferred gene may be controlled by its native promoter, or can be 
controlled by a non-native promoter. In addition to transferring a nucleic acid comprising 
a nucleic acid sequence encoding an entire SEQ ID NO: 8 (i.e., equivalent to the wild 
type), the transferred nucleic acids can encode a functional portion of SEQ ID NO: 8, or a 
protein having at least 60% sequence identity to SEQ ID NO: 8 disclosed herein, as 
compared over the length SEQ ID NO: 8, or a polypeptide having at least 60% sequence 
similarity to a SEQ ID NO: 8 fragment, as compared over the length of the SEQ ID NO: 8 
fragment. Introduction of the nucleic acid into the cell is accomplished by such methods 
as electroporation, lipofection, calcium phosphate mediated transfection, or viral 
. infection. Usually, the method of transfer includes the transfer of a selectable marker to . 
the cells. The cells are then placed under selection to isolate those cells that have taken . 
up and are expressing the transferred gene. The expressed SEQ ID NO: 8 or fragments 
thereof are isolated and purified as described below. SEQ ID NO: 12, SEQ ID NO: 16, 
and SEQ ID NO: 20 may be manipulated in a similar fashion. 

5 18.4. PURIFICATION OF OBESITY RELATED GENE PRODUCTS 
In particular aspects, the invention provides amino acid sequences of SEQ ID NO: 
8, and fragments and derivatives thereof that comprise an antigenic determinant (i.e., can 
be recognized by an antibody) or which are otherwise functionally active, as well as 
nucleic acid sequences encoding the foregoing. A functionally active SEQ ID NO: 8 
material as used herein refers to that material displaying one or more known functional 
activities associated with a full-length (wild-type) SEQ ID NO: 8. 

In specific embodiments, the invention provides fragments of SEQ ID NO: 8 
consisting of at least 6 amino acids, at least 10 amino acids, or at least 50 amino acids. In 
other embodiments, the proteins comprise or consist essentially of a functional domain of 
SEQ ID NO: 8. Nucleic acids encoding the foregoing are also provided. 
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Once a reWbinant that expresses the SEQ ID NO: sScoding gene sequence, or 
part thereof, is identified, the resulting product can be analyzed. This analysis is achieved 
by assays based on the physical or functional properties of the product, including 
radioactive labeling of the product followed by analysis by gel electrophoresis, 
immunoassay, etc. Once SEQ ID NO: 8, or a fragment thereof, is identified, it may be 
isolated and purified by standard methods including chromatography (e.g., ion exchange, 
affinity, and sizing column chromatography), centrifugation, differential solubility, or by 
any other standard technique for the purification of proteins. The functional properties 
may be evaluated using any suitable assay. 

Alternatively, once SEQ ID NO: 8 produced by a recombinant is identified, the 
amino acid sequence of the protein can be deduced from the nucleotide sequence of the 
chimeric gene contained in the recombinant. As a result, the protein can be synthesized 
by standard chemical methods known in the art (e.g., see Hunkapiller et ah, 1984, Nature 
310:105-111). 

In another alternate embodiment, native SEQ ID NO: 8 protein is purified from 
natural sources, by standard methods such as those described above (e.g., immunoaffinity 
purification). 

In a specific embodiment of the present invention, SEQ ID NO: 8, whether 
produced by recombinant DNA techniques or by chemical synthetic methods or by 
purification of native proteins, include but are not limited to those containing, as a 
primary amino acid sequence, all or part of the amino acid sequence substantially as 
depicted in Fig. 3 1 as well as fragments and other derivatives thereof, including proteins 
homologous thereto. SEQ ID NO: 12, SEQ ID NO: 16, arid SEQ ID NO: 20 may be 
purified in a similar fashion. 

One embodiment of the present invention provides a purified protein comprising 
the amino acid sequence of SEQ ID NO: 8. Another embodiment of the present invention 
provides a purified protein encoded by a nucleic acid hybridizable under conditions of 
low stringency (see Section 5.18.2.1), high stringency (see Section 5.18.2.2), or moderate 
stringency (see Section 5.18.2.3) to a DNA having a sequence consisting of the coding 
region of SEQ ID NO: 2. Still another embodiment of the present invention provides a 
purified protein comprising an amino acid sequence that has at least 60% identity to the 
amino acid sequence set forth in SEQ ID NO: 8, in which percentage identity is 
determined over an amino acid sequence of identical size as SEQ ID NO: 8. Yet another 
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embodiment of^>resent invention provides a purified pr H comprising an amino 
acid sequence that has at least 90% identity to the amino acid sequence set forth in SEQ 
ID NO: 8, in which percentage identity is determined over an amino acid sequence of 
identical size as SEQ ID NO: 8. Some embodiments of the present invention provide an 
5 isolated nucleic acid comprising the nucleotide sequence of SEQ ID NO: 2, a coding 
region of SEQ ID NO: 2, SEQ ID NO: 3, a coding region of SEQ ID NO: 3, or the 
complement of any of the foregoing. In some embodiments, the isolated nucleic acid is a 
DNA. Some embodiments of the present invention provides an isolated nucleic acid 
comprising a nucleotide sequence encoding the protein of any protein described in this 
10 section, or the complement thereof. 



5.18.5. STRUCTURE OF OBESITY RELATED GENES AND ENCODED 

PROTEINS 

The structure of the obesity related genes of the present invention and the obesity 
15 related protein products of the present invention can be analyzed by various methods 
known in the art, as described in this section. 



5.18.5.1. GENETIC ANALYSIS 

The cloned DNA or cDNA corresponding to an obesity related gene can be 
analyzed by methods including, but not limited to, Southern hybridization (Southern, 
1975, J. Mol. Biol. 98: 503-517), Northern hybridization (see e.g., Freeman et al, 1983, 
Proc. Natl. Acad. Sci. U.S.A. 80: 4094-4098), restriction endonuclease mapping 
(Maniatis, 1982, Molecular Cloning, A Laboratory, Cold Spring Harbor, New York), and 
DNA sequence analysis. Polymerase chain reaction (PCR; U.S. Patent Nos. 4,683,202, 
4,683,195 and 4,889,818; Gyllenstein et al, 1988, Proc. Natl. Acad. Sci. U.S.A. 85: 
7652-7656; Ochman et al, 1988 Genetics 120:621-623; Loh et al, 1989, Science 243: 
217-220) followed by Southern hybridization with a probe specific to one of the obesity 
related genes can allow the detection of that particular obesity related gene in DNA from 
various cell types from various vertebrate sources. Methods of amplification other than 
PCR are commonly known and can also be employed. In one embodiment, Southern 
hybridization can be used to determine the genetic linkage of a particular obesity related 
gene. Northern hybridization analysis can be used to determine the expression of a 
particular obesity related gene. Various cell types, at various states of development or 
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activity can be te^^for expression of a particular obesity rJBI gene. In one preferred 
embodiment, screening arrays comprising probes homologous to the exons of particular 
obesity related genes are used to determine the state of expression of these genes, or 
specific exons of these genes, in various cell types, under particular environmental or 
perturbance conditions, or in various vertebrates. The stringency of the hybridization 
conditions for both Southern and Northern hybridization can be manipulated to ensure 
detection of nucleic acids with the desired degree of relatedness to the specific probe 
used. Modifications of these methods and other methods commonly known in the art can 
be used. 

Restriction endonuclease mapping can be used to roughly determine the genetic 
structure of an obesity related gene. Restriction maps derived by restriction endonuclease 
cleavage can be confirmed by DNA sequence analysis. The genetic structure of an 
obesity related gene can also be determined using scanning oligonucleotide arrays, 
wherein the expression of one exon is correlated with the expression of a plurality of 
neighboring exons, such that the correlation indicates the correlated exons are contained 
within the same gene. The structure so determined can be confirmed by PCR 

DNA sequence analysis can be performed by any techniques known in the art, 
including but not limited to the method of Maxam and Gilbert, 1980, Meth. Enzymol. 65: 
499-5601, the Sanger dideoxy method (Sanger et al, 1977, Proc. Natl. Acad. Sci. U.S.A. 
74: 5463), the use of T7 DNA polymerase (Tabor & Richardson, U.S. Patent No. 
4,795,699), or use of an automated DNA Sequenator (e.g., Applied Biosystems, Foster 
City, CA). The sequencing method may use radioactive or fluorescent labels. 



5.18.5.2. PROTEIN ANALYSIS 
The amino acid sequence of a particular obesity related gene product can be 
derived by deduction from the DNA sequence, or alternatively, by direct sequencing of 
the protein, e.g., with an automated amino acid sequencer. The protein sequence of an 
obesity related gene product can be characterized by a hydrophilicity analysis (Hopp and 
Woods, 1981, Proc. Natl. Acad. Sci. U.S.A. 78: 3824). A hydxophilicity profile is used to 
identify the hydrophobic and hydrophilic regions of an obesity related gene product and 
the corresponding regions of the gene sequence that encode such regions. 

Secondary structural analysis (Chou and Fasman, 1974, Biochemistry 13: 222) 
can also be done, to identify regions of particular obesity related gene products that 
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assume specific s^Rdary structures, such as ohelices and jS^Kited sheets. 
Manipulation, translation, secondary structure prediction, open reading frame prediction 
and plotting, as well as determination of sequence homologies, can also be accomplished 
using computer software programs and nucleotide and protein sequence databases 
available in the art. Protein and/or nucleotide sequence homologies to known proteins or 
DNA sequences can be used to deduce the likely function of a particular TCAP, or 
domains thereof. 

Other methods of structural analysis can also be employed. These include but are 
not limited to X-ray crystallography (Engstom, 1974, Biochem. Exp. Biol. 11: 7-13) and 
computer modeling (Fletterick, and Zoller, (eds.), Computer Graphics and Molecular 
Modeling, in Current Communications in Molecular Biology, Cold Spring Harbor 
Laboratory, Cold Spring Harbor, New York (1986)). 

In addition to determinations of obesity related gene product protein structure, the 
invention provides methods of identifying a molecule that specifically binds to a ligand 
selected from the group consisting of an obesity related gene product, an obesity related 
gene product fragment, a domain of an obesity related protein, and a nucleic acid 
encoding the obesity related protein or fragment thereof, comprising (a) contacting the 
ligand with a plurality of test molecules under conditions conducive to binding between 
the ligand and the molecules; and (b) identifying a molecule within the plurality that 
specifically binds to the ligand. 



5.18.6. OBESITY RELATED GENE PRODUCT ANTD30DD2S 

In a specific embodiment, the modulator of an obesity related gene disclosed in 
Section 6.7.5 is an antibody that specifically binds (i.e„ is not competed off of the obesity 
related gene product by a non-specific protein such as bovine serum albumin) the obesity 
related gene product or an active fragment or analog thereof and inhibits the function of 
the obesity related gene product. 

Antibodies of the invention include, but are not limited to, monoclonal antibodies, 
multispecific antibodies, human antibodies, humanized antibodies, chimeric antibodies,, 
single-chain Fvs (scFv), single chain antibodies, Fab fragments, F(ab') fragments, 
disulfide-linked Fvs (sdFv), and anti-idiotypic (anti-Id) antibodies (including, e.g.; anti-Id 
antibodies to antibodies of the invention), and epitope-binding fragments of any of the 
above. In particular, antibodies of the present invention include immunoglobulin 
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molecules and ^^inologically active portions of ixnmunofBulin molecules, i.e., 
molecules that contain an antigen binding site that immunospecifically binds to 
osteopontin. The immunoglobulin molecules of the invention can be of any type (e.g., 
IgG, IgE, IgM, IgD, IgA and IgY), class (e.g., IgGi, IgG 2 , IgG 3 , IgG 4 , IgA! and IgA 2 ) or 
5 subclass of immunoglobulin molecule. 

The antibodies of the invention may be from any animal origin including birds 
and mammals (e.g., human, murine, donkey, sheep, rabbit, goat, guinea pig, camel, horse, 
or chicken). Preferably, the antibodies of the invention are human or humanized 
monoclonal antibodies. As used herein, "human' , antibodies include antibodies having 
10 the amino acid sequence of a human immunoglobulin and include antibodies isolated 
from human immunoglobulin libraries. 

The antibodies of the present invention may be monospecific, bispecific, 
trispecific or of greater multispecificity. Multispecific antibodies may be specific for 
different epitopes of an osteopontin polypeptide or may be specific for both an 
1 5 osteopontin polypeptide as well as for a heterologous epitope, such as a heterologous 
polypeptide or solid support material. See, e.g., PCT publications WO 93/17715; WO 
92/08802; WO 91/00360; WO 92/05793; Tutt, et aL, J. Immunol. 147:60-69(1991); U.S. 
Patent Nos. 4,474,893; 4,714,681; 4,925,648; 5,573,920; 5,601,819; Kostelny et aL, J. 
Immunol. 148:1547-1553 (1992). 

20 The antibodies of the invention include derivatives that are modified, e.g., by the 

covalent attachment of any type of molecule to the antibody such that covalent 
attachment. For example, but not by way of limitation, the antibody derivatives include 
antibodies that have been modified, e,g., by glycosylation, acetylation, pegylation, 
phosphorylation, amidation, derivatization by known protecting/blocking groups, 

25 proteolytic cleavage, linkage to a cellular ligand or other protein, etc. Any of numerous 
chemical modifications may be carried out by known techniques, including, but not 
limited to, specific chemical cleavage, acetylation, formylation, metabolic synthesis of 
tunicamycin, etc. Additionally, the derivative may contain one or more non-classical 
ammo acids. For example, antibodies of the present invention may be recombinantly 

30 fused or conjugated to molecules useful as labels in detection assays and effector 

molecules such as heterologous polypeptides, drugs, radionuclides, or toxins. See, e.g., 
PCT publications WO 92/08495; WO 91/14438; WO 89/12624; U.S. Patent No. 
5,314,995; andEP 396,387. 
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its thereof recombinantly 



The presi 



ivention encompasses antibodies or fraj 



fused or chemically conjugated (including both covalently and non-covalently 
conjugations) to a heterologous polypeptide (or portion thereof, preferably at least 10, at 
least 20, at least 30, at least 40, at least 50, at least 60, at least 70, at least 80, at least 90 o 
at least 100 amino acids of the polypeptide) to generate fusion proteins. The fusion does 
not necessarily need to be direct, but may occur through linker sequences. For example, 
antibodies may be used to target heterologous polypeptides to particular cell types either 
in vitro or in vivo, by fusing or conjugating the antibodies to antibodies specific for 
particular cell surface receptors. Antibodies fused or conjugated to heterologous 
polypeptides may also be used in in vitro immunoassays and purification methods using 
methods known in the art. See e.g., Harbor et al, supra, and PCT publication WO 93/2 
1232; EP 439,095; Naramura et al, Immunol. Lett. 39:91-99 (1994); U.S. Patent 
5,474,981; Gillies et al., PNAS 89:1428-1432 (1992); Fell et al., J. Immunol. 146:2446- 
2452(1991), which are incorporated by reference in their entireties. 

The present invention further includes compositions comprising heterologous 
polypeptides fused or conjugated to antibody fragments. For example, the heterologous 
polypeptides may be fused or conjugated to a Fab. fragment, Fd fragment, Fv fragment, 
F(ab) 2 fragment, or portion thereof. Methods for fusing or conjugating polypeptides to 
antibody portions are known in the art. See, e.g., U.S. Patent Nos. 5,336,603; 5,622,929; 
5,359,046; 5,349,053; 5,447,851; 5,112,946; EP 307,434; EP 367,166; PCT publications 
WO 96/04388; WO 9 1/06570; Ashkenazi et al., Proc. Natl. Acad. Sci. USA 88: 10535- 
10539 (1991); Zheng et al., J. Immunol. 154:5590-5600 (1995); and Vil et al, Proc. Natl. 
Acad. Sci. USA 89:1 1337- 1 1341(1992), which are hereby incorporated by reference in 
their entireties. 

Additional fusion proteins of the invention maybe generated through the 
techniques of gene-shuffling, motif-shuffling, exon-shuffling, and/or codon-shuffling 
(collectively referred to as "DNA shuffling"). DNA shuffling may be employed to alter 
the activities of antibodies of the invention or fragments thereof {e.g., antibodies or 
fragments thereof with higher affinities and lower dissociation rates). See, generally, 
U.S. Patent Nos. 5,605,793; 5,811,238; 5,830,721; 5,834,252; and 5,837,458, and Patten 
et al, 1997, Curr. Opinion Biotechnol. 8:724-33; Harayama, 1998, Trends Biotechnol. 
16(2):76-82; Hansson et al, 1999, J. Mol. Biol. 287:265-76; and Lorenzo and 1998, 
Blasco, Biotechniques 24(2):308- 13, which are hereby incorporated by reference in their 



entireties. 
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In one ei^Piment, antibodies or fragments thereofWme encoded antibodies or 
fragments thereof, are altered by subjecting them to random mutagenesis by error-prone 
PCR, random nucleotide insertion or other methods, prior to recombination. In another 
embodiment, one or more portions of a polynucleotide encoding an antibody or antibody 
fragment, which portions immunospecifically bind to an osteopontin antigen may be 
recombined with one or more components, motifs, sections, parts, domains, fragments, 
etc. of one or more heterologous molecules. 

Moreover, the antibodies of the present invention or fragments thereof can be 
fused to marker sequences, such as a peptide, to facilitate purification. In preferred 
embodiments, the marker amino acid sequence is a hexa-histidine peptide, such as the tag 
provided in a pQE vector (QIAGEN, Inc., 9259 Eton Avenue, Chatsworth, CA, 91311), 
among others, many of which are commercially available. As described in Gentz et al, 
1989, Proc. Natl. Acad. Sci. USA 86:821-824 for instance, hexa-histidine provides for 
convenient purification of the fusion protein. Other peptide tags useful for purification 
include, but are not limited to, the hemagglutinin"HA" tag, which corresponds to an 
epitope derived from the influenza hemagglutinin protein (Wilson et al, 1984, Cell 
37:767) and the "flag" tag. 

An antibody or fragment thereof may be conjugated to a therapeutic moiety such 
as a cytotoxin, e.g., a cytostatic or cytocidal agent, a therapeutic agent or a radioactive 
metal ion, e.g., alpha-emitters. A cytotoxin or cytotoxic agent includes any agent that is 
detrimental to cells. Examples include paclitaxol, cytochalasin B, gramicidin D, ethidium 
bromide, emetine, mitomycin, etoposide, tenoposide, vincristine, vinblastine, colchicin, 
doxorubicin, daunorubicin, dihydroxy anthracin dione, mitoxantrone, mithramycin, 
actinomycin D, 1-dehydrotestosterone, glucocorticoids, procaine, tetracaine, lidocaine, 
propranolol, and puromycin and analogs or homologs thereof. Therapeutic agents 
include, but are not limited to, antimetabolites (e.g., methotrexate, 6-mercaptopurine, 6- 
thioguanine, cytarabine, 5-fluorouracil decarbazine), alkylating agents (e.g., 
mechlorethamine, thioepa chlorambucil, melphalan, carmustine (BSNU) and lomustine 
(CCNU), cyclothosphamide, busulfan, dibromomannitol, streptozotocin, mitomycin C, 
and cisdichlorodiamine platinum (H) (DDP) cisplatin), anthracyclines (e.g., daunorubicin 
(formerly daunomycin) and doxorubicin), antibiotics (e.g., dactinomycin (formerly 
actinomycin), bleomycin, mithramycin, and anthramycin (AMC)), and anti-mitotic agents 
(e.g., vincristine and vinblastine). 
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Further, ^^tibody or fragment thereof may be con^^ed to a therapeutic agent 

or drug moiety that modifies a given biological response. Therapeutic agents or drug 

moieties are not to be construed as limited to classical chemical therapeutic agents. For 

example, the drug moiety may be a protein or polypeptide possessing a desired biological 

activity. Such proteins may include, for example, a toxin such as abrin, ricin A, 

pseudomonas exotoxin, or diphtheria toxin; a protein such as tumor necrosis factor, ct- 

interferon, /^-interferon, nerve growth factor, platelet derived growth factor, tissue 

plasminogen activator, an apoptotic agent, e.g., TNF-cx, TNF-ft AIM I (see, International 

Publication No. WO 97/33899), AIM II (see, International Publication No. WO 

97/3491 1), Fas Ligand (Takahashi et al., 1994, J. Iminunol., 6:1567-1574), and VEGI 

(see, mternational Publication No. WO. 99/23 1 05), a thrombotic agent or an anti- 

angiogenic agent, e.g., angiostatin or endostatin; or, a biological response modifier such 

as, for example, a lymphokine (e.g., interleukin-1 ("EL- 1"), interleukin-2 ("IL-2"), 

interleukin-6 ("IL-6"), granulocyte macrophage colony stimulating factor ("GM-CSF"), 

and granulocyte colony stimulating factor ("G-CSF"), or a growth factor (e.g., growth 

hormone ("GH")). 

Techniques for conjugating such therapeutic moiety to antibodies are well known, 
see, e.g., Anion et al, "Monoclonal Antibodies For Immunotargeting Of Drugs In Cancer 
Therapy', in Monoclonal Antibodies And Cancer Therapy, Reisfeld et al. (eds.), pp. 243- 
56 (Alan R. Liss, Inc. 1985); Hellstrom et al., "Antibodies For Drug Delivery", in 
Controlled Drug Delivery (2 nd Ed.), Robinson et al. (eds.), pp. 623-53 (Marcel Dekker, 
Inc. 1987); Thorpe, "Antibody Carriers Of Cytotoxic Agents In Cancer Therapy: A 
Review", in Monoclonal Antibodies '84: Biological And Chnical Applications, Pinchera 
et al. (eds.), pp. 475-506 (1985); "Analysis, Results, And Future Prospective Of The 
Therapeutic Use Of Radiolabeled Antibody In Cancer Therapy", in Monoclonal 
Antibodies For Cancer Detection And Therapy, Baldwin et al (eds.), pp. 303-16 
(Academic Press 1985), and Thorpe et al, 1982, Immunol. Rev. 62:1 19-58. 

An antibody or fragment thereof, with or without a therapeutic moiety conjugated 
to it, administered alone or in combination with cytotoxic factor(s) and/or cytokine(s) can 
be used as a therapeutic. 

Alternatively, an antibody can be conjugated to a second antibody to form an 
antibody heteroconjugate as described by Segal in U.S. Patent No. 4,676,980, which is 
incorporated herein by reference in its entirety. 
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AntibodKnay also be attached to solid supports, wR are particularly useful 
for immunoassays or purification of the target antigen. Such solid supports include, but 
are not limited to, glass, cellulose, polyacrylamide, nylon, polystyrene, polyvinyl chloride 
or polypropylene. 

Antibodies of the present invention or fragments thereof may be characterized in a 
variety of ways. In particular, antibodies of the invention or fragments thereof may be 
assayed for the ability to immunospecificaUy bind to obesity related gene products of the 
present invention Such an assay may be performed in solution (e.g., Houghten, 1992, 
Bio/Techniques 13:412-421), on beads (Lam, 1991, Nature 354:82-84), on chips (Fodor, 
1993, Nature 364:555-556), on bacteria (U.S. Patent No. 5,223,409), on spores (U.S. 
Patent Nos. 5,571,698; 5,403,484; and 5,223,409), onplasmids (Cull etal, 1992, Proc. 
Natl. Acad. Sci. USA 89:1865-1869) or on phage (Scott and Smith, 1990, Science 
249:386-390; Devlin, 1990, Science 249:404-406; Cwirla et al, 1990, Proc. Natl. Acad. 
Sci. USA 87:6378-6382; and Felici, 1991, J. Mol. Biol. 222:301-3 10) (each of these 
references is incorporated herein in its entirety by reference). Antibodies or fragments 
thereof that have been identified to immunospecificaUy bind to the obesity related gene 
products of the present invention or a fragment thereof can then be assayed for their 
specificity and affinity for the obesity related gene products of the present invention. 

The antibodies of the invention or fragments thereof may be assayed for 
immunospecific binding to the obesity related gene products of the present invention and 
cross-reactivity with other antigens by any method known in the art. Immunoassays that 
can be used to analyze immunospecific binding and cross-reactivity include, but are not 
limited to, competitive and non-competitive assay systems using techniques such as 
western blots, radioimmunoassays, ELK A (enzyme linked immunosorbent assay), 
"sandwich" immunoassays, immunoprecipitation assays, precipitin reactions, gel 
diffusion precipitin reactions, immunodiffusion assays, agglutination assays, 
complement-fixation assays, immunoradiometric assays, fluorescent immunoassays, 
protein A immunoassays, to name but a few. Such assays are routine and well known in 
art (see, e.g., Ausubel etal, eds, 1994, Current Protocols in Molecular Biology, Vol. 
1, John Wiley& Sons, Inc., New Yor 

entirety). Exemplary immunoassays are described briefly below (but are not intended by 
way of limitation). 
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ImmunJ^ipitation protocols generally comprise IfKig a population of cells in a 
lysis buffer such as RIPA buffer (1% NP-40 or Triton X-100, 1% sodium deoxycholate, 
0.1% SDS, 0.15 MNaCl, 0.01 M sodium phosphate atpH 7.2, 1% Trasylol) 
supplemented with protein phosphatase and/or protease inhibitors (e.g. , EDTA, PMSF, 
5 aprotinin, sodium vanadate), adding the antibody of interest to the cell lysate, incubating 
for a period of time {e.g., one to four hours) at 40° C, adding protein A and/or protein G 
sepharose beads to the cell lysate, incubating for about an hour or more at 40°C, washing 
the beads in lysis buffer and resuspending the beads in SDS/sample buffer. The ability of 
the antibody of interest to immunoprecipitate a particular antigen can be assessed by, e.g., 

1 0 western blot analysis. One of skill in the art would be knowledgeable as to the 

parameters that can be modified to increase the binding of the antibody to an antigen and 
decrease the background (e.g:, pre-clearing the cell lysate with sepharose beads). For 
further discussion regarding immunoprecipitation protocols see, e.g., Ausubel et al, eds, 
1994, Current Protocols in Molecular Biology, Vol. 1, John Wiley & Sons, Inc., New 

15 York at 10.16.1. 

Western blot analysis generally, comprises preparing protein samples, 
electrophoresis of the protein samples in a polyacrylamide gel (e.g., 8%- 20% SDS- 
PAGE depending on the molecular weight of the antigen), transferring the protein sample . 
from the polyacrylamide gel to a membrane such as nitrocellulose, PVDF or nylon, 

20 blocking the membrane in blocking solution (e.g., PBS with 3% BSA or non-fat milk), 
washing the membrane in washing buffer (e.g., PBS-Tween 20), blocking the membrane 
with primary antibody (the antibody of interest) diluted in blocking buffer, washing the 
membrane in washing buffer, blocking the membrane with a secondary antibody (which 
recognizes the primary antibody, e.g., an anti-human antibody) conjugated to an 

25 enzymatic substrate (e.g., horseradish peroxidase or alkaline phosphatase) or radioactive 
molecule (e.g., 32 P or 125 I) diluted in blocking buffer, washing the membrane in wash 
buffer, and detecting the presence of the antigen. One of skill in the art would be 
knowledgeable as to the parameters that can be modified to increase the signal detected 
and to reduce the background noise. For further discussion regarding western blot 

30 protocols see, e.g., Ausubel et al, eds, 1994, Current Protocols in Molecular Biology, Vol. 
1, John Wiley & Sons, Inc., New York at 10.8.1. 

ELISAs comprise preparing antigen, coating the well of a 96 well microliter plate 
with the antigen, adding the antibody of interest conjugated to a detectable compound 
such as an enzymatic substrate (e.g., horseradish peroxidase or alkaline phosphatase) to 
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the well and inci^Rig for a period of time, and detecting th^Rsence of the antigen. In 
ELISAs the antibody of interest does not have to be conjugated to a detectable compound; 
instead, a second antibody (which recognizes theantibody of interest) conjugated to a 
detectable compound may be added to the well. Further, instead of coating the well with 
the antigen, the antibody may be coated to the well. In this case, a second antibody 
conjugated to a detectable compound may be added following the addition of the antigen 
of interest to the coated well. One of skill in the art would be knowledgeable as to the 
parameters that can be modified to increase the signal detected as well as other variations 
of ELISAs known in the art. For further discussion regarding ELISAs see, e.g., Ausubel 
et al, eds, 1994, Current Protocols in Molecular Biology, Vol. 1, John Wiley & Sons, 
Inc., New York at 11.2.1. 

The binding affinity of an antibody to an antigen and the off-rate of an antibody- 
antigen interaction can be determined by competitive binding assays. One example of a 
competitive binding assay is a radioimmunoassay comprising the incubation of labeled 
antigen (e.g., 3 H or 125 I) with the antibody of interest in the presence of increasing 
amounts of unlabeled antigen, and the detection of the antibody bound to the labeled 
antigen. The affinity of an antibody of the present invention or a fragment thereof for the 
obesity related gene products of the present invention and the binding off-rates can be 
determined from the data by scatchard plot analysis. Competition with a second antibody 
can also be determined using radioimmunoassays. In this case, osteopontin is incubated 
with an antibody of the present invention or a fragment thereof conjugated to a labeled 
compound (e.g., 3 H or US T) in the presence of increasing amounts of an unlabeled second 
antibody. 

BIAcore kinetic analysis may also be used to determine the binding on and off 
rates of antibodies or fragments thereof to the obesity related gene products of the present 
invention. BIAcore kinetic analysis comprises analyzing the binding and dissociation of 
osteopontin from chips with immobilized antibodies or fragments thereof on their surface. 

One aspect of the invention provides an antibody that binds to a protein consisting 
of the amino acid sequence of SEQ ID NO: 8. In some embodiments, the antibody is 
monoclonal. Another aspect of the invention provides a molecule comprising a fragment 
of an antibody that binds to a protein consisting of the amino acid sequence of SEQ ID 
NO: 8, which fragment binds a protein consisting of the amino acid sequence of SEQ ID 
NO: 8. 
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5.18.7. OBESITY RELATED GENE PRODUCT ANTIBODY PRODUCTION 

The antibodies of the invention or fragments thereof can be produced by any 
method known in the art for the synthesis of antibodies, in particular, by chemical 
5 synthesis or preferably, by recombinant expression techniques. 

Polyclonal antibodies can be produced by various procedures well known in the 
art. For example, an obesity related gene product of the present invention, as disclosed in 
Section 6.7.5, or an immunogenic or antigenic fragment thereof can be administered to 
various host animals including, but not limited to, rabbits, mice, rats, etc. to induce the 

1 0 production of sera containing polyclonal antibodies specific for the obesity related gene 
product. Various adjuvants may be used to increase the immunological response, 
depending on the host species, and include but are not limited to, Freund's (complete and 
incomplete), mineral gels such as aluminum hydroxide, surface active substances such as 
lysolecithin, pluronic polyols, polyanions, peptides, oil emulsions, keyhole limpet 

1 5 hemocyanins, dinitrophenol, and potentially useful human adjuvants such as BCG (bacille 
Calmette-Guerin) and corynebacterium parvum. Such adjuvants are also well known in 
the art. 

Monoclonal antibodies can be prepared using a wide variety of techniques known 
in the art including the use of hybridoma, recombinant, and phage display technologies, 

20 or a combination thereof. For example, monoclonal antibodies can be produced using 
hybridoma techniques including those known in the art and taught, for example, in 
Harlow et al., Antibodies: A Laboratory Manual, (Cold Spring Harbor Laboratory Press, 
2 nd ed. 1988); Hammerling, etal, in: Monoclonal Antibodies and T-Cett Hybridomas 
563-681 (Elsevier, N.Y., 1981) (said references incorporated by reference in their 

25 entireties). The term "monoclonal antibody" as used herein is not limited to antibodies 
produced through hybridoma technology. The term "monoclonal antibody" refers to an 
antibody that is derived from a single clone, including any eukaryotic, prokaryotic, or 
phage clone, and not the method by which it is produced. 

Methods for producing and screening for specific antibodies using hybridoma 
30 technology are routine and well known in the art. Briefly, mice can be immunized with 
osteopontin or ah immunogenic or antigenic fragment thereof and once an immune 
response is detected, e.g., antibodies specific for osteopontin are detected in the mouse 
serum, the mouse spleen is harvested and splenocytes isolated. The splenocytes are then 
fused by well known techniques to any suitable myeloma cells, for example cells from 

i 
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cell line SP20 a^ble from the ATCC. Hybridomas are sSSed and cloned by limited 
dilution. The hybridoma clones are then assayed by methods known in the art for cells 
that secrete antibodies capable of binding the obesity related gene products of the present 
invention. Ascites fluid, which generally contains high levels of antibodies, can be 
generated by immunizing mice with positive hybridoma clones. 

Accordingly, the present invention provides methods of generating monoclonal 
antibodies as well as antibodies produced by the method comprising culturing a 
hybridoma cell secreting an antibody of the invention wherein, preferably, the hybridoma 
is generated by fusing splenocytes isolated from a mouse immunized with an obesity 
related gene product of the present invention or an immunogenic or antigenic fragment 
thereof with myeloma cells and then screening the hybridomas resulting from the fusion 
for hybridoma clones that secrete an antibody able to bind osteopontin. The hybridomas 
may be further screened for secretion of antibodies that inhibit osteopontin function. 

Antibody fragments which recognize specific osteopontin epitopes may be 
generated by any technique known to those of skill in the art. For example, Fab and 
F(ab')2 fragments of the invention may be produced by proteolytic cleavage of 
immunoglobulin molecules, using enzymes such as papain (to produce Fab fragments) or 
pepsin (to produce F(ab')2 fragments). F(ab')2 fragments contain the variable region, the 
light chain constant region and the CHI domain of the heavy chain. Further, the 
antibodies of the present invention can also be generated using various phage display 
methods known in the art. 

In phage display methods, functional antibody domains are displayed on the 
surface of phage particles that carry the polynucleotide sequences encoding them. In 
particular, DNA sequences encoding VH and VL domains are amplified from animal 
cDNA libraries (e.g., human or murine cDNA libraries of lymphoid tissues). The DNA 
encoding the VH and VL domains are recombined together with an scFv linker by PCR 
and cloned into a phagemid vector (e.g., p CANTAB 6 or pComb 3 HSS). The vector is 
electroporated in E. coli and the E. coli is infected with helper phage. Phage used in these 
methods are typically filamentous phage including fd and M13 and the VH and VL 
domains are usually recombinantly fused to either the phage gene m or gene VHI. Phage 
expressing an antigen binding domain that binds to an antigen of interest can be selected 
or identified with antigen, e.g., using labeled antigen or antigen bound or captured to a 
solid surface or bead. Examples of phage display methods that can be used to make the 
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antibodies of th^resent invention include those disclosed uSrinkman et al, 1995, J. 
Immunol. Methods 182:41-50; Ames et al, 1995, J. Immunol. Methods 184:177-186; 
Kettleborough et al, 1994, Eur. J. Immunol. 24:952-958; Persic et al., 1997, Gene 187:9- 
18; Burton et al., 1994, Advances in Immunology 57:191-280; PCT application No. 
5 PCT/GB91/01 134; PCT publications WO 90/02809; WO 91/10737; WO 92/01047; WO 
92/18619; WO 93/1 1236; WO 95/15982; WO 95/20401; W097/13844; and U.S. Patent 
Nos. 5,698,426; 5,223,409; 5,403,484; 5,580,717; 5,427,908; 5,750,753; 5,821,047; 
5,571,698; 5,427,908; 5,516,637; 5,780,225; 5,658,727; 5,733,743 and 5,969,108; each of 
which is incorporated herein by reference in its entirety. 

10 As described in the above references, after phage selection, the antibody coding 

regions from the phage can be isolated and used to generate whole antibodies, including 
human antibodies, or any other desired antigen binding fragment, and expressed in any 
desired host, including mammalian cells, insect cells, plant cells, yeast, and bacteria, e.g., 
as described below. Techniques to recombinantly produce Fab, Fab' and F(ab')2 

1 5 fragments can also be employed using methods known in the art such as those disclosed 
in PCT publication WO 92/22324; Mullinax et al., 1992, BioTechniques 12(6):864-869; 
and Sawai et al., 1995, AJRI 34:26-34; and Better, et al., 1988, Science 240:1041-1043 
(said references incorporated by reference in their entireties). 

To generate whole antibodies, PCR primers including VH or VL nucleotide 
20 sequences, a restriction site, and a flanking sequence to protect the restriction site can be 
used to amplify the VH or VL sequences in scFv clones. Utilizing cloning techniques 
known to those of skill in the art, the PCR amplified VH domains can be cloned into 
vectors expressing a VH constant region, e.g., the human gamma 4 constant region, and 
the PCR amplified VL domains can be cloned into vectors expressing a VL constant 
25 region, e.g., human kappa or lamba constant regions. ' Preferably, the vectors for 

expressing the VH or VL domains comprise an EF- 1 a promoter, a secretion signal, a 
cloning site for the variable domain, constant domains, and a selection marker such as 
neomycin. The VH and VL domains may also cloned into one vector expressing the 
necessary constant regions. The heavy chain conversion vectors and light chain 
30 conversion vectors are then co-transfected into cell lines to generate stable or transient 

cell lines that express full-length antibodies, e.g., IgG, using techniques known to those of 
skill in the art. 
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For sor^Pes, including in vivo use of antibodies aKnans and in vitro 
detection assays, it may be preferable to use human or chimeric antibodies. Completely 
human antibodies are particularly desirable for therapeutic treatment of human subjects. 
Human antibodies can be made by a variety of methods known in the art including phage 
display methods described above using antibody libraries derived from human 
immunoglobulin sequences. See also U.S. Patent Nos. 4,444,887 and 4,716,111; and 
PCT publications WO 98/46645, WO 98/50433, WO 98/24893, W098/16654, WO 
96/34096, WO 96/33735, and WO 91/10741; each of which is incorporated herein by 
reference in its entirety. 

Human antibodies can also be produced using transgenic mice that are incapable 
of expressing functional endogenous, immunoglobulins, but which can express human 
immunoglobulin genes. For example, the human heavy and light chain immunoglobulin 
gene complexes may be introduced randomly or by homologous recombination into 
mouse embryonic stem cells. Alternatively, the human variable region, constant region, 
and diversity region may be introduced into mouse embryonic stem cells in addition to 
the human heavy and light chain genes. The mouse heavy and light chain 
immunoglobulin genes may be rendered non-functional separately or simultaneously with 
the introduction of human immunoglobulin loci by homologous recombination. In 
particular, homozygous deletion of the JH region prevents endogenous antibody 
production. The modified embryonic stem cells are expanded and microinjected into 
blastocysts to produce chimeric mice. The chimeric mice are then be bred to produce 
homozygous offspring which express human antibodies. The transgenic mice are 
immunized in the normal fashion with a selected antigen, e.g., all or a portion of a 
polypeptide of the invention. Monoclonal antibodies directed against the antigen can be 
obtained from the immunized, transgenic mice using conventional hybridoma technology. 
The human immunoglobulin transgenes harbored by the transgenic mice rearrange during 
B cell differentiation, and subsequently undergo class switching and somatic mutation. 
Thus, using such a technique, it is possible to produce therapeutically useful IgG, IgA, 
IgM and IgE antibodies. For an overview of this technology for producing human 
antibodies, see Lonberg and Huszar (1995, Int. Rev. Immunol. 13:65-93). For a detailed 
discussion of this technology for producing human antibodies and human monoclonal 
antibodies and protocols for producing such antibodies, see, e.g., PCT publications WO 
9&'24893; WO 96/34096; WO 96/33735; U.S. Patent Nos. 5,413,923; 5,625,126; 
5,633,425; 5,569,825; 5,661,016; 5,545,806; 5,814,318; and 5,939,598, which are 
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>yWerence herein in their entirety. In additiSRc 
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incorporated b^TIBFerence herein in their entirety. In additioB^ompanies such as 
Abgenix, Inc. (Freemont, CA) and Genpharm (San Jose, CA) can be engaged to provide 
human antibodies directed against a selected antigen using technology similar to that 
described above. 



5 A chimeric antibody is a molecule in which different portions of the antibody are 

derived from different immunoglobulin molecules such as antibodies having a variable 
region derived from a human antibody and a non-human immunoglobulin constant 
region. Methods for producing chimeric antibodies are known in the art. See e.g., 
Morrison, 1985, Science 229:1202; Oi et aL, 1986, BioTechniques 4:214; Gillies et aL, 

10 1989, J. Immunol. Methods 125:191-202; U.S. Patent Nos. 5,807,715; 4,816,567; and 4,8 
16397, which are incorporated herein by reference in their entirety. Chimeric antibodies 
comprising one or more CDRs from human species and framework regions from a non- 
human immunoglobulin molecule can be produced using a variety of techniques known in 
the art including, for example, CDR-grafting (EP 239,400; PCT publication WO 

15 91/09967; U.S. Patent Nos. 5,225,539; 5,530,101; and 5,585,089), veneering or 

resurfacing (EP 592,106; EP 519,596; Padlan, 1991, Molecular Immunology 2 8(4/5) :489- 
498; Studnicka et al., 1994, Protein Engineering 7(6):805-814; Roguska et aL, 1994, 
PNAS 91:969-973), and chain shuffling (U.S. Patent No. 5,565,332). 

Further, the antibodies of the invention can, in turn, be utilized to generate anti- 
20 idiotype antibodies that "mimic" one or more of the obesity related gene products of the 
present invention using techniques well known to those skilled in the art. (See, e.g., 
Greenspan & Bona, 1989, FASEB J. 7(5):437-444; and Nissinoff, 1991, J. Immunol. 
147(8):2429-2438). 



25 5.18.8. POLYNUCLEOTIDES ENCODING AN OBESITY RELATED GENE 

PRODUCT ANTIBODY 

The invention provides polynucleotides comprising a nucleotide sequence 

encoding an antibody of the invention or a fragment thereof. The invention also 

encompasses polynucleotides that hybridize under high stringency, intermediate or lower 

30 stringency hybridization conditions, e.g. , as defined supra, to polynucleotides that encode 

an antibody of the invention. 

The polynucleotides may be obtained, and the nucleotide sequence of the 
polynucleotides determined, by any method known in the art. Nucleotide sequences 
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encoding these^Kbodies can be determined using any nuSfc acid sequencing method 
known in the art. Such a polynucleotide encoding the antibody may be assembled from 
chemically synthesized oligonucleotides (e.g., as described in Kutmeier et al, 1994, 
BioTechniques 17:242), which, briefly, involves the synthesis of overlapping 
5 oligonucleotides containing portions of the sequence encoding the antibody, annealing 
and ligating of those oligonucleotides, and then amplification of the ligated 
oligonucleotides by PCR. 

Alternatively, a polynucleotide encoding an antibody may be generated from 
nucleic acid from a suitable source. If a clone containing a nucleic acid encoding a 

1 0 particular antibody is not available, but the sequence of the antibody molecule is known, a 
nucleic acid encoding the immunoglobulin may be chemically synthesized or obtained 
from a suitable source (e.g., an antibody cDNA library, or a cDNA library generated 
from, or nucleic acid, preferably poly A+ RNA, isolated from, any tissue or cells 
expressing the antibody, such as hybridoma cells selected to express an antibody of the 

1 5 invention) by PCR amplification using synthetic primers hybridizable to the 3 ' and 5 ' 
ends of the sequence or by cloning using an oligonucleotide probe specific for the 
particular gene sequence to identify, e.g., a cDNA clone from a cDNA library that 
encodes the antibody. Amplified nucleic acids generated by PCR may then be cloned 
into replicable cloning vectors using any method well known in the art. 

20 Once the nucleotide sequence of the antibody is determined, the nucleotide 

sequence of the antibody may be manipulated using methods well known in the art for the 
manipulation of nucleotide sequences, e.g., recombinant DNA techniques, site directed 
mutagenesis, PCR, etc. (see, for example, the techniques described in Sambrook et al., 
1990, Molecular Cloning, A Laboratory Manual, 2 nd Ed., Cold Spring Harbor Laboratory, 

25 Cold Spring Harbor, NY and Ausubel et al, eds., 1998, Current Protocols in Molecular 
Biology, John Wiley & Sons, NY, which are both incorporated by reference herein in 
their entireties), to generate antibodies having a different amino acid sequence, for 
example to create amino acid substitutions, deletions, and/or insertions. 



30 5.18.9. RECOMBINANT EXPRESSION OF AN ANTIBODY TO AN OBESITY 

RELATED GENE PRODUCT 

Recombinant expression of an antibody of the invention, derivative or analog 

thereof, (e.g., a heavy or light chain of an antibody of the invention or a portion thereof or 
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a single chain a^Kody of the invention), requires construc^ffof an expression vector 
containing a polynucleotide that encodes the antibody. Once a polynucleotide encoding 
an antibody molecule or a heavy or light chain of an antibody, or portion thereof 
(preferably, but not necessarily, containing the heavy or light chain variable domain), of 
5 the invention has been obtained, the vector for the production of the antibody molecule 
may be produced by recombinant DNA technology using techniques well known in the 
art. Thus, methods for preparing a protein by expressing a polynucleotide containing an 
antibody encoding nucleotide sequence are described herein. Methods that are well 
known to those skilled in the art can be used to construct expression vectors containing 
10 antibody coding sequences and appropriate transcriptional and translational control 
signals. These methods include, for example, in vitro recombinant DNA techniques, 
synthetic techniques, and in vivo genetic recombination. The invention, thus, provides 
replicable vectors comprising a nucleotide sequence encoding an antibody molecule of 
the invention, a heavy or light chain of an antibody, a heavy or light chain variable 

15 domain of an antibody or a portion thereof, or a heavy or light chain CDR, operably 
linked to a promoter. Such vectors may include the nucleotide sequence encoding the 
constant region of the antibody molecule (see, e.g., PCT Publicatiou WO 86/05807; PCT 
Publication WO 89/01036; and U.S. Patent No. 5,122,464) and the variable domain of the 
antibody may be cloned into such a vector for expression of the entire heavy, the entire 

20 light chain, or both the entire heavy and light chains. 

The expression vector is transferred to a host cell by conventional techniques and 
the transfected cells are then cultured by conventional techniques to produce an antibody 
of the invention. Thus, the invention includes host cells containing a polynucleotide 
encoding an antibody of the invention or fragments thereof, or a heavy or hght chain 
25 thereof, or portion thereof, or a single chain antibody of the invention, operably linked to 
a heterologous promoter. In preferred embodiments for the expression of double-chained 
antibodies, vectors encoding both the heavy and light chains may be co-expressed in the 
host cell for expression of the entire immunoglobulin molecule, as detailed below. 

A variety of host-expression vector systems may be utilized to express the 
30 antibody molecules of the invention. Such host-expression systems represent vehicles by 
which the coding sequences of interest maybe produced and subsequently purified, but 
also represent cells which may, when transformed or transfected with the appropriate 
nucleotide coding sequences, express an antibody molecule of the invention in situ. 
These include but are not limited to microorganisms such as bacteria (e.g., E. coli, B. 
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subtilis) transfoflKd with recombinant bacteriophage DNA^Kismid DNA or cosmid 
DNA expression vectors containing antibody coding sequences; yeast (e.g., 
Saccharomyces, Pichia) transformed with recombinant yeast expression vectors 
containing antibody coding sequences; insect cell systems infected with recombinant 
5 virus expression vectors (e.g. , baculo virus) containing antibody coding sequences; plant 
cell systems infected with recombinant virus expression vectors (e.g., cauliflower mosaic 
virus, CaMV ; tobacco mosaic virus, TMV) or transformed with recombinant plasmid 
expression vectors (e.g., Ti plasmid) containing antibody coding sequences; or 
mammalian cell systems (e.g., COS, CHO, BHK, 293, 3T3 cells) harboring recombinant 

10 expression constructs containing promoters derived from the genome of mammalian cells 
(e.g., metallothionein promoter) or from mammalian viruses (e.g., the adenovirus late 
promoter; the vaccinia virus 7.5K promoter). Preferably, bacterial cells such as 
Escherichia coli, and more preferably, eukaryotic cells, especially for the expression of 
whole recombinant antibody molecule, are used for the expression of a recombinant 

1 5 antibody molecule. For example, mammalian cells such as Chinese hamster ovary cells 
(CHO), in conjunction with a vector such as the major intermediate early gene promoter 
element from human cytomegalovirus is an effective expression system for antibodies 
(Foecking et al., 1986, Gene 45:101; Cockett et al, 1990, Bio/Technology 8:2). 

In bacterial systems, a number of expression vectors may be advantageously 
20 selected depending upon the use intended for the antibody molecule being expressed. For 
example, when a large quantity of such a protein is to be produced, for the generation of 
pharmaceutical compositions of an antibody molecule, vectors which direct the 
expression of high levels of fusion protein products that are readily purified may be 
desirable. Such vectors include, but are not limited to, the E. coli expression vector 
25 pUR278 (Ruther et ah, 1983, EMBO 12:1791), in which the antibody coding sequence 
may be ligated individually into the vector in frame with the lac Z coding region so that a 
fusion protein is produced; pIN vectors (Inouye & Inouye, 1985, Nucleic Acids Res. 
13:3101-3109; Van Heeke & Schuster, 1989, J. Biol. Chem. 24:5503-5509); and the like. 
pGEX vectors may also be used to express foreign polypeptides as fusion proteins with 
30 glutathione 5-transferase (GST). In general, such fusion proteins are soluble and can 
easily be purified from lysed cells by adsorption and binding to matrix glutathione 
agarose beads followed by elution in the presence of free glutathione. The pGEX vectors 
are designed to include thrombin or factor Xa protease cleavage sites so that the cloned 
target gene product can be released from the GST moiety. 
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In an inWt system, Autographa caUfornica nuclear^lyhedrosis virus (AcNPV) 
is used as a vector to express foreign genes. The virus grows in Spodoptera frugiperda 
cells. The antibody coding sequence may be cloned individually into non-essential 
regions (for example mepolyhedrin gene) of the virus and placed under control of an 
5 AcNPV promoter (for example the polyhedrin promoter). 

In mammalian host cells, a number of viral-based expression systems may be 
utilized, hi cases where an adenovirus is used as an expression vector, the antibody 
coding sequence of interest may be ligated to an adenovirus transcription/translation 
control complex, e.g., the late promoter and tripartite leader sequence. This chimeric 

10 gene may then be inserted in the adenovirus genome by in vitro or in vivo recombination. 
Insertion in a non- essential region of the viral genome (e.g, region El or E3) will result 
in a recombinant virus that is viable and capable of expressing the antibody molecule in 
infected hosts (e.g., see Logan & Shenk, 1984, Proc. Natl. Acad. Sci. USA 8 1:355-359). 
Specific initiation signals may also be required for efficient translation of inserted 

15 antibody coding sequences. These signals mclude me ATG initiation codon and adjacent 
sequences. Furthermore, the initiation codon must be in phase with the reading frame of 
the desired coding sequence to ensure translation of the entire insert. These exogenous 
translational control signals and initiation codons can be of a variety of origins, both 
natural and synthetic. The efficiency of expression may be.enhanced by the inclusion of 

20 appropriate transcription enhancer elements, transcription terminators, etc. (see, e.g. , 
Bittner et al, 1987, Methods in Enzymol. 153:51-544). 

In addition, a host cell strain may be chosen which modulates the expression of 
the inserted sequences, or modifies and processes the gene product in the specific fashion 
desired. Such modifications (e.g., glycosylation) and processing (e.g., cleavage) of 

25 protein products may be important for the function of the protein. Different host cells 
have characteristic and specific mechanisms for the post-translational processing and 
modification of proteins and gene products. Appropriate cell lines or host systems can be 
chosen to ensure the correct modification and processing of the foreign protein expressed. 
To this end, eukaryotic host cells which possess the cellular machinery for proper 

30 processing of the primary transcript, glycosylation, and phosphorylation of the gene 
product may be used. Such mammalian host cells include but are not limited to CHO, 
VERY, BHK, Hela, COS, MDCK, 293, 3T3, W138, and in particular, breast cancer cell 
lines such as, for example, BT483, Hs578T, HTB2, BT20 and T47D, and normal 
mammary gland cell line such as, for example, CRL7030 and HsS78Bst. 
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For lonPIrm, high-yield production of recombinant proteins, stable expression is 
preferred. For example, cell lines that stably express the antibody molecule may be 
engineered. Rather than using expression vectors which contain viral origins of 
replication, host cells can be transformed with DNA controlled by appropriate expression 
5 control elements (e.g., promoter, enhancer, sequences, transcription terminators, 

polyadenylation sites, etc.), and a selectable marker. Following the introduction of the 
foreign DNA, engineered cells may be allowed to grow for 1-2 days in an enriched 
media, and then are switched to a selective media. The selectable marker in the 
recombinant plasmid confers resistance to the selection and allows cells to stably 
10 integrate the plasmid into their chromosomes and grow to form foci which in turn can be 
cloned and expanded into cell lines. This method may advantageously be used to 
engineer cell lines which express the antibody molecule. Such engineered cell lines may 
be particularly useful in screening and evaluation of compositions that interact directly or 
indirectly with the antibody molecule. 

15 A number of selection systems may be used, including but not limited to, the 

herpes simplex virus thymidine kinase (Wigler et al, 1977, Cell 1 1 :223), 
hypoxanthineguanine phosphoribosyltransferase (Szybalska & Szybalski, 1992, Proc. 
Natl. Acad. Sci. USA 48:202), and adenine phosphoribosyltransferase (Lowy et al, 1980, 
Cell 22:8-17) genes can be employed in tk-,hgprt- or aprt- cells, respectively. Also, 

20 antimetabolite resistance can be used as the basis of selection for the following genes: 

dhfr, which confers resistance to methotrexate (Wigler et al, 1980, Natl. Acad. Sci. USA 
77:357; O'Hare et al, 1981, Proc. Natl. Acad. Sci. USA 78:1527); gpt, which confers 
resistance to mycophenolic acid (Mulligan & Berg, 1981, Proc. Natl. Acad. Sci. USA 
78:2072); neo, which confers resistance to the aminoglycoside G-418 (Wu and Wu, 1991, 

25 Biotherapy 3:87-95; Tolstoshev, 1993, Ann. Rev. Pharmacol. Toxicol. 32:573-596; 
Mulligan, 1993, Science 260:926-932; and Morgan and Anderson, 1993, Ann. Rev. 
Biochem. 62: 191-217; May, 1993, TIB TECH ll(5):155-2 15); and hygro, which confers 
resistance to hygromycin (Santerre et al, 1984, Gene 30:147). Methods commonly 
known in the art of recombinant DNA technology may be routinely applied to select the 

30 desired recombinant clone, and such methods are described, for example, in Ausubel et 
al. (eds.), Current Protocols in Molecular Biology, John Wiley & Sons, NY (1993); 
Kriegler, Gene Transfer and Expression, A Laboratory Manual, Stockton Press, NY 
(1990); and in Chapters 12 and 13, Dracopoli et al. (eds), Current Protocols in Human 



178 



WO 2004/061616 ^ PCT/US2003/041613 

Genetics, John^ley & Sons, NY (1994); Colberre-GarapSt aL, 1981, J. Mol. Biol. 
150:1, which are incorporated by reference herein in their entireties. 

The expression levels of an antibody molecule can be increased by vector 
amplification (for a review, see Bebbington and Hentschel, The use of vectors based on 
5 gene amplification for the expression of cloned genes in mammalian cells in DNA 

cloning, Vol.3. (Academic Press, New York, 1987)). When a marker in the vector system 
expressing antibody is amplifiable, increase in the level of inhibitor present in culture of 
host cell will increase the number of copies of the marker gene. Since the amplified 
region is associated with the antibody gene, production of the antibody will also increase. 
10 See, for example, Crouse et aL, 1983, Mol. Cell. Biol. 3:257. 

The host cell may be co-transfected with two expression vectors of the invention, 
the first vector encoding a heavy chain derived polypeptide and the second vector 
encoding a light chain derived polypeptide. The two vectors may contain identical 
selectable markers that enable equal expression of heavy and light chain polypeptides. 

1 5 Alternatively, a single vector may be used that encodes, and is capable of expressing, 
both heavy and light chain polypeptides: In such situations, the light chain should be 
placed before the heavy chain to avoid an excess of toxic free heavy chain (Proudfoot, 
1986, Nature 322:52; and Kohler, 1980, Proc. Natl. Acad. Sci. USA 77:2 197). The 
coding sequences for the heavy and light chains may comprise cDNA or genomic DNA. 

20 Once an antibody molecule of the invention has been produced by recombinant 

expression, it may be purified by any method known in the art for purification of an 
immunoglobulin molecule, for example, by chromatography {e.g., ion exchange, affinity, 
particularly by affinity for the specific antigen after Protein A, and sizing column 
chromatography), centrifugation, differential solubility, or by any other standard 

25 technique for the purification of proteins. Further, the antibodies of the present invention 
or fragments thereof may be fused to heterologous polypeptide sequences described 
herein or otherwise known in the art to facilitate purification. 



5.18.10. OBESITY RELATED GENE ANTI-SENSE NUCLEIC ACD3S 

30 The function of the obesity related genes disclosed in Section 6.7.5 may be 

inhibited by use of antisense nucleic acids. The present invention provides the 
therapeutic or prophylactic use of nucleic acids of at least six nucleotides that are 
antisense to a gene or cDNA encoding an obesity related gene product disclosed in 
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Section 6.7.5, portions thereof. An "antisense" nucleic aS as used herein refers to a 
nucleic acid capable of hybridizing to a portion of a nucleic acid disclosed in Section 
6.7.5 (preferably mRNA, e.g., the sequence of SEQ ID NO: 2, SEQ ED NO: 3, SEQ ID 
NO: 12, SEQ ID NO: 16 and/or SEQ ID NO: 20) by virtue of some sequence ' 
5 complementarity. The antisense nucleic acid may be complementary to a coding and/or 
noncoding region of an obesity related mRNA. 

The antisense nucleic acids can be oligonucleotides that are double-stranded or 
single-stranded RNA or DNA or a modification or derivative thereof, which can be 
directly administered to a cell, or which can be produced intracellularly by transcription 
10 of exogenous, introduced sequences. 

The antisense nucleic acids are of at least six nucleotides and are preferably 
oligonucleotides (ranging from 6 to about 200 oligonucleotides). In specific aspects, the 
oligonucleotide is at least 10 nucleotides, at least 15 nucleotides, at least 100 nucleotides, 
■ or at least 200 nucleotides. The oUgonucleotides can be DNA or RNA or chimeric 
mixtures or derivatives or modified versions thereof, single-stranded or double-stranded. 
The oligonucleotide can be modified at the base moiety, sugar moiety, or phosphate 
backbone. The oligonucleotide may include other appending groups such as peptides, or 
agents facilitating transport across the cell membrane (see, e.g., Letsinger et aL, 1989, 
Proc. Natl. Acad. Sci. U.S.A. 86: 6553-6556; Lemaitre et aL, 1 987, Proc. Natl. Acad. Sci. 
84: 648-652; PCT Publication No. WO 88/09810, published December 15, 1988) or 
blood-brain barrier (see, e.g., PCT Publication No. WO 89/10134, published April 25, 
1988), hybridization-triggered cleavage agents (see, e.g., Krol et ah, 1988, BioTechniques 
6: 958-976) or intercalating agents (see, e.g., Zon, 1988, Pharm. Res. 5: 539-549). 

In a preferred aspect of the invention, the antisense oligonucleotide is provided, 
preferably as single-stranded DNA. The oligonucleotide may be modified at any position 
on its structure with constituents generally known in the art. 

The antisense oligonucleotides may comprise at least one modified base moiety 
that is selected from the group deluding, but not limited, to 5-fluorouracil, 5-bromouracil, 
5-chlorouracil, 5-iodouracil, hypoxanthine, xanthine, 4-acetylcytosine, 
5-(carboxyhydroxylmethyl) uracil, 5-carboxymemylammomethyl-2-thiouridine, 
5-carboxymemylaminomethyluracil, dihydrouracil, beta-D-galactosylqueosine, inosine, 
N6-isopentenyladenine, 1-methylguanine, 1-methylinosine, 2,2-dimethylguanine, 
2-methyladenine, 2-methylguanine, 3-methylcytosine, 5-methylcytosine, N6-adenine, 
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7-methylguani~5-methylaminomethyluracil, 5-methoxySnomethyl-2-thiouracil, 
beta-D-mannosylqueosine, 5'-methoxycarboxymethyluracil, 5-methoxyuracil, 
2-methylthio-N6-isopentenyladenine, uracil-5-oxyacetic acid (y), wybutoxosine, 
pseudouracil, queosine, 2-tbiocytosine, 5-memyl-2-thiouracil, 2-thiouracil, 4-thiouracil, 
5 5-methyluracil, uracil-5-oxyacetic acid methylester, uracil-5-oxyacetic acid (v), 

5-methyl-2-tbiouracil, 3-(3-amino-3-N-2-carboxypropyl) uracil, and 2,6-dianrinopurine. 

In another embodiment, the oligonucleotide comprises at least one modified sugar 
moiety selected from the group including, but not limited to, arabinose, 
2-fluoroarabinose, xylulose, and hexose. 

10 In yet another embodiment, the oligonucleotide comprises at least one modified ' 

phosphate backbone selected from the group consisting of a phosphorothioate, a 
phosphorodithioate, a phosphoramidothioate, a phosphoramidate, a phosphordiamidate, a • 
methylphosphonate, an alkyl phosphotriester, a formacetal, or analogs thereof. 

in yet another embodiment, the oligonucleotide is an or-anomeric oligonucleotide. ■■ ■ 
15 An a-anomeric ohgonucleotide forms specific double-stranded hybrids with 

complementary RNA in which, contrary to the usual 0-units, the strands run parallel to 
each other (Gautier et al, 1987, Nucl. Acids Res. 15: 6625-6641). 

The ohgonucleotide may be conjugated to another molecule, e.g. , a peptide, 
hybridization triggered cross-linking agent, transport agent, hybridization-triggered 
20 cleavage agent, etc. 

Oligonucleotides may be synthesized by standard methods known in the art, e.g. 
by use of an automated DNA synthesizer (such as are commercially available from 
Biosearch, Applied Biosystems, etc.). As examples, phosphorothioate oligonucleotides 
may be synthesized by the method of Stein et al. (1988, Nucl. Acids Res. 16: 3209), 

25 methylphosphonate oligonucleotides can be prepared by use of controlled pore glass 
polymer supports (Sarin et al, 1988, Proc. Natl. Acad. Sci. U.S.A. 85: 7448-7451), etc. 

In a specific embodiment, the antisense oligonucleotides comprise catalytic 
RNAs, or ribozymes (see, e.g., PCT International Publication WO 90/1 1364, published 
Octobers 1990;Sarveretal., 1990, Science 247: 1222-1225). In another embodiment, 

30 the oligonucleotide is a 2'-0-methylribonucleotide (Inoue et al., 1 987, Nucl. Acids Res. 
15: 6131-6148), or a chimeric RNA-DNA analog (Inoue et al., 1987, FEBS Lett. 215: 
327-330). 
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In an aMative embodiment, antisense nucleic aciSre produced intracellularly 
by transcription from an exogenous sequence. For example, a vector can be introduced in 
vivo such that it is taken up by a cell, within which cell the vector or a portion thereof is 
transcribed, producing an antisense nucleic acid (RNA) of the invention. Such a vector 
5 would contain a sequence encoding an antisense nucleic acid. Such a vector can remain 
episomal or become chromosomally integrated, as long as it can be transcribed to produce 
the desired antisense RNA. Such vectors can be constructed by recombinant DNA 
technology methods standard in the art. Vectors can be plasmid, viral, or others known in 
the art, used for replication and expression in mammalian cells. Expression of the 
10 sequences encoding the antisense RNAs can be by any promoter known in the art to act in 
mammalian, preferably human, cells. Such promoters can be inducible or constitutive. 
Such promoters include, but are not limited to, the SV40 early promoter region (Bemoist 
andChambon, 1981, Nature 290: 304-310), the promoter contained in the 3' long 
terminal repeat of Rous sarcoma virus (Yamamoto et al, 1980, Cell 22: 787-797), the 
1 herpes thymidine kinase promoter (Wagner et al, 1981, Proc. Natl. Acad. Sci. U.S.A. 78: 
1441-1445), the regulatory sequences of the metallothionein gene (Brinster et al, 1982, 
Nature 296: 39-42), etc. 

The antisense nucleic acids of the invention comprise a sequence complementary 

toatleastapoirionofanRNAfranscriptofagenemsclosedinSection6.7.5. However, 
absolute complementarity, although preferred, is not required. A sequence 
"complementary to at least a portion of an RNA" as referred to herein, means a sequence 
having sufficient complementarity to be able to hybridize with the RNA forming a stable 
duplex; in the case of double-stranded antisense nucleic acids, a.single strand of the 
duplex DNA may thus be tested, or triplex formation may be assayed. The ability to 
hybridize will depend on both the degree of complementarity and the length of the 
antisense nucleic acid. 

Generally, the longer the hybridizing nucleic acid, the more base mismatches with 
an obesity related RNA (target RNA) it may contain and still form a stable duplex (or 
triplex, as the case may be). One skilled in the art can ascertain a tolerable degree of 
mismatch by use of standard procedures to determine the melting point of the hybridized 
complex. 
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PharmaeWtical compositions of the invention, comp^ing an effective amount of 
an antisense nucleic acid in a pharmaceutically acceptable earner can be administered in 
therapeutic methods of the invention. 

The amount of antisense nucleic acid that will be effective in the treatment of a 
5 particular disorder or condition will depend on the nature of the disorder or condition, and 
can be determined by standard clinical techniques. Where possible, it is desirable to 
determine the antisense cytotoxicity in vitro, and then in useful animal model systems 
prior to testing and use in humans. 

In a specific embodiment, pharmaceutical compositions comprising antisense 
1 0 nucleic acids are administered via liposomes, microparticles, or microcapsules. In various 
embodiments of the invention, it maybe useful to use such compositions to achieve 
sustained release of antisense nucleic acids. In a specific embodiment, it may be 
desirable to utilize liposomes targeted via antibodies to specific identifiable central 
nervous system cell types (Leonetti et al, 1990, Proc. Natl. Acad. Sci. U.S.A. 87: 
15 2448-2451; Renneisen et al, 1990, J. Biol. Chem. 265: 16337-16342). 



5.18.11. OBESITY RELATED GENE PRODUCT ANALOGS, DERIVATIVES 

AND FRAGMENTS 

The invention further provides methods of modulating the obesity related genes 
20 disclosed in Section 6.7.5 using agonists and promoters of such genes. Agonists include, 
but are not limited to, active fragments thereof (wherein a fragment is at least 10, 15, 20, 
30, 50, 75, 100, or 150 amino acid portion of an obesity related gene product disclosed in 
Section 6.7.5) and analogs and derivatives thereof, and nucleic acids encoding any of the 
foregoing. 

25 For recombinant expression of obesity related gene products, and fragments, 

derivatives and analogs thereof, the nucleic acid containing all or a portion of the 
nucleotide sequence encoding the protein can be inserted into an appropriate expression 
vector, e.g., a vector that contains the necessary elements for the transcription and 
translation of the inserted protein coding sequence, hi a preferred embodiment, the 

30 regulatory elements {e.g. , promoter) are heterologous (i. e. , not the native gene promoter). 
Promoters which may be used include but are not limited to the SV40 early promoter 
(Bernoist and Chambon, 1981, Nature 290: 304-3 10), the promoter contained in the 3' 
long terminal repeat of Rous sarcoma virus (Yamamoto et al, 1980, Cell 22: 787-797), 
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the herpes thynWne kinase promoter (Wagner et al, 198?Poc. Natl. Acad. Sci. USA 
78: 1441-1445), the regulatory sequences of the metallothionein gene (Brinster et al, 
1982, Nature 296: 39-42); prokaryotic expression vectors such as the jS-lactamase 
promoter (Villa-Kamaroff et al, 1978, Proc. Natl. Acad. Sci. USA 75: 3727-3731) or the 
5 tac promoter (DeBoer et al, 1983, Proc. Natl. Acad. Sci. USA 80: 21-25; see also 'Useful 
Proteins from Recombinant Bacteria": in Scientific American 1980, 242:79-94); plant 
expression vectors comprising the nopaline synthetase promoter (Herrar-Estrella et al, 
1984, Nature 303: 209-213) or the cauliflower mosaic virus 35S RNA promoter (Garder 
et al, 1981, Nucleic Acids Res. 9:2871), and the promoter of the photosynthetic enzyme 
ribulose bisphosphate carboxylase (Herrera-Estrella et al, 1984, Nature 310: 115-120); 
promoter elements from yeast and other fungi such as the Gal4 promoter, the alcohol 
dehydrogenase promoter, the phosphoglycerol kinase promoter, the alkaline phosphatase 
promoter, and the following animal transcriptional control regions that exhibit tissue 
specificity and have been utilized in transgenic animals: elastase I gene control region 
15 which is active in pancreatic acinar cells (Swift etal, 1984, Cell 38: 639-646; Ornitz et 
al., 1986, Cold Spring Harbor Symp. Quant. Biol, 50: 399-409; MacDonald 1987, 
Hepatology 7: 425-515); insulin gene control region which is active in pancreatic beta 
cells (Hanahan et al, 1985, Nature 315: 1 15-122), immunoglobulin gene control region . 
which is active in lymphoid cells (Grosschedl et al, 1984, Cell 38: 647-658; Adams et 
al, 1985, Nature 318: 533-538; Alexander et al, 1987, Mol. Cell Biol. 7: 1436-1444), 
mouse mammary tumor virus control region which is active in testicular, breast, lymphoid 
and mast cells (Leder et al, 1986, Cell 45: 485-495), albumin gene control region which 
is active in liver (Pinckert et al, 1987, Genes and Devel. 1 : 268-276), alpha-fetoprotein 
gene control region which is active in liver (Krumlauf et al, 1 985, Mol. Cell. Biol. 5 : 
1639-1648; Hammer et al, 1987, Science 235: 53-58), alpha-1 antitrypsin gene control 
region which is active in liver (Kelsey et al, 1987, Genes and Devel. 1: 161-171), beta 
globin gene control region which is active in myeloid cells (Mogram et al, 1985, Nature 
315: 338-340; Kollias et al, 1986, Cell 46: 89-94), myelin basic protein gene control 
region which is active in oligodendrocyte cells of the brain (Readhead et al, 1987, Cell 
30 48: 703-712), myosin light chain-2 gene control region which is active in skeletal muscle 
(Sani 1985, Nature 314: 283-286); and gonadotrophic releasing hormone gene control 
region which is active in gonadotrophs of the hypothalamus (Mason et al, 1986, Science 
234: 1372-1378). 
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A varie^T host-vector systems may be utilized to Stress the protein coding 
sequence. These include, but are not limited to, mammalian cell systems infected with 
virus (eg:, vaccinia virus, adenovirus, etc.); insect cell systems infected with virus (e.g. 
baculovirus); microorganisms such as yeast containing yeast vectors; or bacteria 
5 transformed with bacteriophage, DNA, plasmid DNA, or cosmid DNA. The expression 
elements of vectors vary in their strengths and specificities. Depending on the host-vector 
system utilized, any one of a number of suitable transcription and translation elements 
may be used. 

Once an obesity related gene product disclosed in Section 6.7.5, or fragment, 
10 derivative or analog thereof has been recombinantly expressed, it may be isolated and 

purified by standard methods including chromatography (e.g. , ion exchange, affinity, and 
sizing column chromatography), centrifugation, differential solubility, or by any other 
standard technique for the purification of proteins: An obesity related gene product may 
also be purified by any standard purification method from natural sources. 

15 Alternatively, an obesity related gene product, analog or derivative thereof of the 

present invention can be synthesized by standard chemical methods known in the art (e.g., 
seeHunkapillerefa/., 1984, Nature 310:105-111). 

Standard techniques known to those of skill in the art can be used to introduce 
mutations in the nucleotide sequence encoding a molecule of the invention, including, for . 

20 example, site-directed mutagenesis and PCR-mediated mutagenesis that results in amino 
acid substitutions. Preferably, the derivatives include less than 25 amino acid 
substitutions, less than 20 amino acid substitutions, less than 15 amino acid substitutions, 
less than 10 amino acid substitutions, less than 5 amino acid substitutions, less than 4 
amino acid substitutions, less than 3 amino acid substitutions, or less than 2 amino acid 

25 substitutions relative to the original molecule. In a preferred embodiment, the derivatives 
have conservative amino acid substitutions are made at one or more predicted 
non-essential amino acid residues. A "conservative amino acid substitution" is one in 
which the amino acid residue is replaced with an amino acid residue having a side chain 
with a similar charge. Families of amino acid residues having side chains with similar 

30 charges have been defined in the art. These families include amino acids with basic side 
chains (e.g., lysine, arginine, histidine), acidic side chains (e.g., aspartic acid, glutamic 
acid), uncharged polar side chains (e.g., glycine, asparagine, glutamine, serine, threonine, 
tyrosine, cysteine), nonpolar side chains (e.g., alanine, valine, leucine, isoleucine, proline, 
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phenylalanine, flRhionine, tryptophan), beta-branched sideelains ( e.g., threonine, 
valine, isoleucine) and aromatic side chains (eg., tyrosine, phenylalanine, tryptophan, 
histidine). Alternatively, mutations can be introduced randomly along all or part of the 
coding sequence, such as by saturation mutagenesis, and the resultant mutants can be 
5 screened for biological activity to identify mutants that retain activity. Following 

mutagenesis, the encoded protein can be expressed and the activity of the protein can be 
determined. 

In a specific embodiment, the obesity related gene analog, derivative or fragment 
thereof is encoded by a nucleotide sequence that hybridizes to the nucleotide sequence of 

10 SEQ ID NO:2, SEQ ID NO: 3, SEQ ID NO: 12, SEQ ID NO: 16, or SEQ ID NO: 20 
under stringent conditions, e.g., hybridization to filter-bound DNA in 6x sodium 
chloride/sodium citrate (SSC) at about 45 °C followed by one or more washes in 
0.2xSSC/0.1% SDS at about 50-65 °C, under highly stringent conditions, e.g., 
hybridization to filter-bound nucleic acid in 6xSSC at about 45 °C followed by one or 

15 more washes in 0. lxSSC/0.2% SDS at about 68 °C, or under other stringent hybridization 
conditions that are known to those of skill in the art (see, for example, Ausubel, F.M. et 
al., eds., 1989, Current Protocols in Molecular Biology, Vol. I, Green Publishing 
Associates, Inc. and John Wiley & Sons, Inc., New York at pages 6.3.1-6.3.6 and 2.10.3). 

In another embodiment, the analog, derivative or fragment comprises an amino 
20 acid sequence that is at least 35%, at least 40%, at least 45%, at least 50%, at least 55%, 
at least 60%, at least 65%, at least 70%, at least 75%, at least 80%, at least 85%, at least 
90%, at least 95%, or at least 99% identical to the amino acid sequence of SEQ ID NO: 8, 
SEQ ID NO: 11, SEQ ED NO: 15, SEQ ID NO: 18, SEQ ID NO: 25, SEQ ID NO: 26, or 
SEQ ID NO: 27. 

25 Additionally, the nucleic acid sequence can be mutated in vitro or in vivo, to 

create and/or destroy translation, initiation, and/or termination sequences, or to create 
variations in coding regions and/or form new restriction endonuclease sites or destroy 
preexisting ones, to facilitate further in vitro modification. Any technique for 
mutagenesis known in the art can be used, including, but not limited to, chemical 

30 mutagenesis, in.vitro site-directed mutagenesis (Hutchinson, C, et al.l 1978, J. Biol. 
Chem 253:6551), use of TAB® linkers (Pharmacia), etc. 

Manipulations of the sequence may also be made at the protein level. Included 
within the scope of the invention are protein fragments or other derivatives or analogs that 
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are differentialr^iodified during or after translation, e.^^lycosylation, acetylation, 
phosphorylation, amidation, derivatization by known protecting/blocking groups, 
proteolytic cleavage, linkage to an antibody molecule or other cellular ligand, etc. Any of 
numerous chemical modifications may be carried out by known techniques including, but 
5 not limited to, specific chemical cleavage by cyanogen bromide, trypsin, chymotrypsin, 
papain, V8 protease, NaBH^ acetylation, formylation, oxidation, reduction; metabolic . 
synthesis in the presence of tunicamycin, etc. 

In addition, analogs and derivatives of can be chemically synthesized. 
Furthermore, if desired, nonclassical amino acids or chemical amino acid analogs can be 
introduced as a substitution or addition into the sequence. Non-classical amino acids 
include but are not limited to the D-isomers of the common amino acids, a-amino 
isobutyric acid, 4-aminobutyric acid, Abu, 2-amino butyric acid, r Abu, e-Ahx, 6-amino 
hexanoic acid, Aib, 2-amino isobutyric acid, 3-amino propionic acid, ormthine, 
norleucine, norvaline, hydroxyproline, sarcosine, citrulline, cysteic acid, t-butylglycine, t- 
butylalanine, phenylglycine, cyclohexylalanine, /^alanine, fluoro-amino acids, designer 
amino acids such as 0-methyl amino acids, Ca-methyl amino acids, Nt*-methyl amino 
acids, and amino acid analogs in general. Furthermore, the amino acids used to make the 
analogs and derivatives can be D (dextrorotary), L (levorotary), or some combination of 
DandL. 

20 In a specific embodiment, the derivative is a chimeric, or fusion, protein 

comprising an obesity related gene product disclosed in Section 6.7.5 or fragment thereof 
(preferably consisting of at least one protein domain or protein structural motif, or at least 
15, preferably 20, amino acids of the obesity related protein) joined at its amino- or 
carboxy-terminus via a peptide bond to an amino acid sequence of a different protein. In 
one embodiment, such a chimeric protein is produced by recombinant expression of a 
nucleic acid encoding the protein (comprising an obesity related protein-coding sequence 
joined in-frame to a coding sequence for a different protein). Such a chimeric product 
can be made by ligating the appropriate nucleic acid sequences encoding the desired 
amino acid sequences to each other by methods known in the art, in the proper coding 
frame, and expressing the chimeric product by methods commonly known in the art. 
Alternatively, such a chimeric product may be made by protein synthetic techniques, e.g. , 
by use of apeptide synthesizer. Chimeric genes comprising portions of obesity related 
gene product (e.g. SEQ ID NO: 8, SEQ ID NO: 11, SEQ ID NO: 15, SEQ ID NO: 18, 
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SEQ ID NO: 2^Q ID NO: 26, or SEQ ID NO: 27) fuselrWany heterologous protein- 
encoding sequences may be constructed. 



5.1 8.12. PHARMACEUTICAL COMPOSITIONS AND METHODS OF 
5 ADMINISTRATION 

The invention provides methods of treatment, prophylaxis, and amelioration of 

one or more symptoms associated with obesity by administrating to a subject of an 

effective amount of an obesity related gene (e.g. SEQ ID NO: 2, SEQ ID NO: 3, SEQ ID 

NO: 12, SEQ ID NO. 16, SEQ ID NO: 20) modulator, or pharmaceutical composition 

10 comprising an obesity related gene modulator. In a preferred aspect, the obesity related 

gene modulator is substantially purified (e.g., substantially free from substances that limit 

its effect or produce undesired side-effects). The subject is preferably a mammal such as 

non-primate (e.g., cows, pigs, horses, cats, dogs, rats etc.) and a primate (e.g., monkeys or 

humans). In a preferred embodiment, the subject is a human. 

15 

5.18.12.1. DELIVERY SYSTEMS 
Various delivery systems are known and can be used to admniister modulators of 
the invention or fragment thereof, e.g., encapsulation in liposomes, microparticles, 
microcapsules, recombinant cells capable of expressing a protein or antibody modulator, 

20 receptor-mediated endocytosis (see, e.g., Wu and Wu, 1987, J. Biol. Chem. 262:4429- 
4432), construction of a nucleic acid as part of a retroviral or other vector, etc. Methods 
of administering a modulator, or pharmaceutical composition include, but are not limited 
to, parenteral ad^ninistration (e.g., intradermal, intramuscular, intraperitoneal, intravenous 
and subcutaneous), epidural, and mucosal (e.g., intranasal and oral routes). In a specific 

25 embodiment, modulators of the present invention or fragments thereof, or pharmaceutical 
compositions are administered intramuscularly, intravenously, or subcutaneously. The 
compositions may be administered by any convenient route, for example by infusion or 
bolus injection, by absorption through epithelial or mucocutaneous linings (e.g., oral 
mucosa, rectal and intestinal mucosa, etc.) and may be administered together with other 

30 biologically active agents. Administration can be systemic or local. In addition, 

pulmonary administration can also be employed, e.g., by use of an inhaler or nebulizer, 
and formulation with an aerosolizing agent. See, e.g., U.S. Patent Nos. 6,019,968, 
5,985,309, 5,934,272, 5,874,064, 5,290,540, and 4,880,078, and PCT Publication No. 
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WO 92/19244Wa preferred embodiment, the pharmaceiE composition is delivered 
locally to the site of neural tissue damage, e.g., using osmotic or other types of pumps. 



10 



5.18.12.2. PHARMACEUTICAL COMPOSITIONS 

The invention also provides that the pharmaceutical composition is packaged in a 
hermetically sealed container such as an ampule or sachette indicating the quantity of 
modulator. In one embodiment, the modulator is supplied as a dry sterilized lyophilized 
powder or water free concentrate in a hermetically sealed container and can be 
reconstituted, e.g., with water or saline to the appropriate concentration for adniinistration 
to a subject. Preferably, the modulator is supplied as a dry sterile lyophilized powder in a 
hermetically sealed container at a unit dosage of at least 5 mg, more preferably at least 10 
mg, at least 15 mg, at least 25 mg, at least 35 mg, at least 45 mg, at least 50 mg, or at least 
75 mg. Preferably, the liquid form is supplied in a hermetically sealed container at least 1 
mg/ml, more preferably at least 2.5 mg/ml, at least 5 mg/ml, at least 8 mg/ml, at least 10 
1 5 mg/ml, or at least 25 mg/ml. 

In a specific embodiment, it may be desirable to administer the pharmaceutical 
compositions of the invention locally to the area in need of treatment; this may be 
achieved by, for example, and not by way of limitation, local infusion, by injection, or by : 
means of an implant, said implant being of a porous, non-porous, or gelatinous material, : 
including membranes, such as sialastic membranes, or fibers. A particularly useful 
application involves coating, imbedding or derivatizing fibers, such as collagen fibers, 
protein polymers, etc. with a modulator of the invention. Other useful approaches are 
described in Otto et at., 1989, J Neuroscience Research 22, 83-91 and Otto and Unsicker, 
1990, J Neuroscience 10, 1912-1921, both of which are incorporated herein in their 
25 entireties. Preferably, when administering the modulator, care must be taken to use 
materials to which the modulator does not absorb. 

ha another embodiment, the composition can be delivered in a vesicle, in 
particular a liposome (see Langer, 1990, Science 249:1527-1533 1990); Treat et al, 1989, 
in Liposomes in the Therapy of Infectious Disease and Cancer, Lopez-Berestein and 
30 Fidler (eds.), Liss, New York, pp. 353- 365; and Lopez-Berestein, ibid., pp. 3 17-327; see 
generally ibid.). 

In yet another embodiment, the composition can be delivered in a controlled 
release system. In one embo<Iiment, a pump may be used (see Langer, supra; Sefton, 
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1987, CRC CrMef. Biomed. Eng. 14:20; Buchwald et al.^80, Surgery 88:507; 
Saudek et al., 1989, N. Engl. J. Med. 321:574). In another embodiment, polymeric 
materials can be used (see e.g., Medical Applications of Controlled Release, Langer and 
Wise (eds.), CRC Pres., Boca Raton, Florida (1974); Controlled Drug Bioavailability, 
5 Drug Product Design and Performance, Smolen and Ball (eds.), Wiley, New York 

(1984); Ranger and Peppas, 1983, J., Macromol. Sci. Rev. Macromol. Chem. 23:61; see 
also Levy et al., 1985, Science 228:190; During et al., 1989, Ann. Neurol. 25:351; 
Howard et al., 1989, J.Neurosurg. 7 1:105); U.S. Patent No. 5,679,377; U.S. Patent No. 
5,916,597; U.S. Patent No. 5,912,015; U.S. Patent No. 5,989,463; U.S. Patent No. 
10 5,128,326; PCT Publication No. WO 99/15154; and PCX Publication No. WO 99/20253. 
In yet another embodiment, a controlled release system can be placed in proximity of the 
therapeutic target, i.e., nervous tissue (see, e.g., Goodson, 1984, in Medical Applications 
of Controlled Release, supra, vol. 2, pp. 115-138). Other controlled release systems are 
discussed in the review by Langer, 1990, Science 249:1527-1533. 

15 m a specific embodiment, where the composition of the invention is a nucleic acid 

encoding modulator, the nucleic acid can be administered in vivo to promote expression 
of its encoded modulator by constructing it as part of an appropriate nucleic acid 
expression vector and administering it so that it becomes intracellular, e.g., by use of a 
retroviral vector (see U.S. Patent No. 4,980,286), or by direct injection, or by use of 

20 microparticle bombardment (e.g., a gene gun; Biolistic, Dupont), or coating with lipids or 
cell-surface receptors or transfecting agents, or by administering it in linkage to a 
homeobox- like peptide which is known to enter the nucleus (see e.g., Joliot et al., 1991, 
Proc. Natl. Acad. Sci. USA 88:1864-1868), etc. Alternatively, a nucleic acid can be 
introduced intracellularly and incorporated within host cell DNA for expression by 

25 homologous recombination. 

The pharmaceutical compositions of the invention comprise a prophylactically or 
therapeutically effective amount of an obesity related gene modulator, and a 
phannaceutically acceptable carrier. In a specific embodiment, the term 
-pfearmaceutically acceptable" means approved by a regulatory agency of the Federal or a 
state government or listed in the U.S. Pharmacopeia or other generally recognized 
pharmacopeia for use in animals, and more particularly in humans. The term "carrier" 
refers to a diluent, adjuvant (e.g., Freund's adjuvant (complete and incomplete)), 
excipient, or vehicle with which the therapeutic is administered. Such pharmaceutical 
carriers can be sterile liquids, such as water and oils, including those of petroleum, 
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animal, veget^p>r synthetic origin, such as peanut oil, s^lan oil, mineral oil, sesame 
oil and the like. Water is a preferred carrier when the pharmaceutical composition is 
administered intravenously. Saline solutions and aqueous dextrose and glycerol solutions 
can also be employed as liquid carriers, particularly for injectable solutions. Suitable 
5 pharmaceutical excipients include starch, glucose, lactose, sucrose, gelatin, malt, rice, 
flour, chalk, silica gel, sodium stearate, glycerol monostearate, talc, sodium chloride, 
dried skim milk, glycerol, propylene, glycol, water, ethanol and the like. The 
composition, if desired, can also contain minor amounts of wetting or emulsifying agents, 
or pH buffering agents. These compositions can take the form of solutions, suspensions, 
10 emulsion, tablets, pills, capsules, powders, sustained-release formulations and the like. 
Oral formulation can include standard carriers such as pharmaceutical grades of mannitol, 
lactose, starch, magnesium stearate, sodium saccharine, cellulose, magnesium carbonate, 
etc. Examples of suitable pharmaceutical carriers are described in "Remington's 
Pharmaceutical Sciences" by E.W. Martin. Such compositions will contain a 
prophylactically or therapeutically effective amount of the antibody or fragment thereof, 
preferably in purified form, together with a suitable amount of carrier so as to provide the 
form for proper administration to the patient. The formulation should suit the mode of 
administration. 

In a preferred embodiment, the composition is formulated in accordance with 
20 routine procedures as a pharmaceutical composition adapted for intravenous 

administration to human beings. Typically, compositions for intravenous a(lniinistration 
are solutions in sterile isotonic aqueous buffer. Where necessary, the composition may 
also include a solubilizing agent and a local anesthetic such as lignocamne to ease pain at 
the site of the injection. 

25 Generally, the ingredients of compositions of the invention are supplied either 

separately or mixed together in unit dosage form, for example, as a dry lyophilized 
powder or water free concentrate in a hermetically sealed container such as an ampoule or 
sachette indicating the quantity of active agent. Where the composition is to be 
administered by infusion, it can be dispensed with an infusion bottle containing sterile 

30 pharmaceutical grade water or saline. Where the composition is aoministered by 

injection, an ampoule of sterile water for injection or saline can be provided so that the 
ingredients may be mixed prior to adnunistration. 
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The co] 



Isitions of the invention can be formulae 



neutral or salt forms. 



Pharmaceutically acceptable salts include those formed with anions such as those derived 
from hydrochloric, phosphoric, acetic, oxalic, tartaric acids, etc., and those formed with 
cations such as those derived from sodium, potassium, ammonium, calcium, ferric 
5 hydroxides, isopropylamine, triethylamine, 2-ethylamino ethanol, histidine, procaine, etc. 

The amount of the composition delivered is that amount that will be effective in 
the methods of treatment of the invention. 

Some embodiments of the present invention provide a pharmaceutical 
composition comprising a therapeutically effective amount of SEQ ID NO: 8, and a 

1 0 pharmaceutically acceptable carrier. Some embodiments of the present invention provide 
a pharmaceutical composition comprising a therapeutically effective amount of an 
antibody that binds to SEQ ID NO: 8; and a pharmaceutical^ acceptable carrier. Some 
embodiments of the present invention provide a pharmaceutical composition comprising a 
therapeutically effective amount of a fragment or derivative of an antibody that binds to 

1 5 SEQ ID NO: 8, wherein the fragment or derivative contains the binding domain of the 
antibody, and a pharmaceutically acceptable carrier. 

Some embodiments of the present invention provide a pharmaceutical 
composition comprising a therapeutically effective amount of any one of the following 
proteins, and a pharmaceutically acceptable carrier: 

20 a) a purified protein comprising the amino acid sequence of SEQ ID NO: 8; 

b) purified protein encoded by a nucleic acid hybridizable to a DNA having a 
sequence consisting of the coding region of SEQ ID NO: 2; 

c) a purified protein comprising an amino acid sequence that has at least 60% 
identity to the amino acid sequence set forth in SEQ ID NO: 8, in which percentage 

25 identity is determined over an amino acid sequence of identical size as SEQ ID NO: 8; or 

d) a purified protein comprising an amino acid sequence that has at least 90% 
identity to the amino acid sequence set forth in SEQ ID NO: 8, in which percentage 
identity is determined over an amino acid sequence of identical size as SEQ ID NO: 8. 



3 0 composition comprising a therapeutically effective amount of one of the following 
nucleic acids and a pharmaceutically acceptable carrier: 



Some embodiments of the present invention provide a pharmaceutical 
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a) an is^Red nucleic acid comprising the nucleotidl^quence of SEQ ID NO: 2, 
a coding region of SEQ ID NO: 2, SEQ ID NO: 3, a coding region of SEQ ID NO: 3, or 
the complement of any of the foregoing; 

b) an isolated nucleic acid of selected from (a) that is a DNA; or an isolated 

5 nucleic acid comprising a nucleotide sequence encoding any one of the following proteins 
or the complement thereof: 

i) a purified protein comprising the amino acid sequence of SEQ ID NO: 8; 

ii) purified protein encoded by a nucleic acid hybridizable to a DNA having a 
sequence consisting of the coding region of SEQ ID NO: 2; 

10 iii) a purified protein comprising an amino acid sequence that has at least 60% 

identity to the amino acid sequence set forth in SEQ ID NO: 8, in which percentage 
identity is determined over an amino acid sequence of identical size as SEQ ID NO: 8; or 

iv) a purified protein comprising an amino acid sequence that has at least 90% 
identity to the amino acid sequence set forth in SEQ ID NO: 8, in which percentage 
15 identity is determined over an amino acid sequence of identical size as SEQ ID NO: 8. 

Some embodiments of the present invention provide a pharmaceutical 
r composition comprising a therapeutically effective amount of any one of the following 
recombinant cells and a pharmaceutically acceptable carrier: 

a) a recombinant cell containing an isolated nucleic acid comprising the 

20 nucleotide sequence of SEQ ID NO: 2, a coding region of SEQ ID NO: 2, SEQ ID NO: 3, 
a coding region of SEQ ID NO: 3, or the complement of any of the foregoing, in which 
the nucleotide sequence is under the control of a promoter heterologous to the nucleotide 
sequence; or 

b) a recombinant cell containing a nucleic acid vector that comprises the 

25 nucleotide sequence of SEQ ID NO: 2, a coding region of SEQ ID NO: 2, SEQ ID NO: 3, 
a coding region of SEQ ID NO: 3, or the complement of any of the foregoing. 

Some embodiments of the present invention provide a pharmaceutical 
composition comprising a therapeutically effective amount of an antibody that binds to a 
protein comprising the amino acid sequence of any one of the following, and a 
30 pharmaceutically acceptable carrier: 

i) a purified protein comprising the amino acid sequence of SEQ ID NO: 8; 
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ii) a putfRd protein encoded by a nucleic acid hybiSrcable to a DNA having a 
sequence consisting of the coding region of SEQ ID NO: 2; 



10 



iii) a purified protein comprising an amino acid sequence that has at least 60% 
identity to the amino acid sequence set forth in SEQ ID NO: 8, in which percentage 
identity is determined over an amino acid sequence of identical size as SEQ ID NO: 8; 
and 

iv) a purified protein comprising an amino acid sequence that has at least 90% 
identity to the amino acid sequence set forth in SEQ ID NO: 8, in which percentage 
identity is determined over an amino acid sequence of identical size as SEQ ID NO: 8. 



5.18,12.3. GENE THERAPY 
In some embodiments, the compositions are delivered by gene therapy. Gene 
therapy refers to therapy performed by the administration to a subject of an expressed or 
expressible nucleic acid. In this embodiment of the invention, the nucleic acids produce 
15 their encoded modulator that mediates a therapeutic effect Any of the methods for gene 
therapy available in the art can be used according to the present invention. Exemplary 
methods are described below. 

For general reviews of the methods of gene therapy, see Goldspiel et aL, 1993, 
Clinical Pharmacy 12:488-505; Wu and Wu, 1991, Biotherapy 3:87-95; Tolstoshev, 1993, 

20 Ann. Rev. Pharmacol. Toxicol. 32:573-596; Mulligan, 1993, Science 260:926-932; and 
Morgan and Anderson, 1993, Ann. Rev. Biochem. 62:191-217; May, 1993, TIBTECH 
1 1(5):155-215. Methods commonly known in the art of recombinant DNA technology 
which can be used are described in Ausubel et al. (eds.), Current Protocols in Molecular 
Biology, John Wiley & Sons, NY (1993); and Kriegler, Gene Transfer and Expression, A 

25 Laboratory Manual, Stockton Press, NY (1990). 

In a preferred aspect, a composition of the invention comprises nucleic acids 
encoding a modulator. These nucleic acids are part of an expression vector that expresses 
the modulator in a suitable host. In particular, such nucleic acids have promoters, 
preferably heterologous prompters, operably linked to the antibody coding region, the 
30 promoter being inducible or constitutive, and, optionally, tissue- specific. In another 

particular embodiment, nucleic acid molecules are used in which the modulator coding . 
sequences and any other desired sequences are flanked by regions that promote 
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homologous recWibination at a desired site in the genome, fiSs providing for 
intrachromosomal expression of the modulator encoding nucleic acids (Roller and 
Smithies, 1989, Proc. Natl. Acad. Sci. USA 86:8932-8935; Zijlstra et al, 1989, Nature 
342:435-438). In specific embodiments, where the modulator is an antibody, the 
5 expressed antibody molecule is a single chain antibody. Alternatively, the nucleic acid 
sequences include sequences encoding both the heavy and light chains, or fragments 
thereof, of the antibody. 

Delivery of the nucleic acids into a subject may be either direct, in which case the 
subject is directly exposed to the nucleic acid or nucleic acid-carrying vectors, or indirect, 
10 in which case, cells are first transformed with the nucleic acids in vitro, then transplanted 
into the subject. These two approaches are known, respectively, as in vivo or ex vivo gene 
therapy. 

In a specific embodiment, the nucleic acid sequences are directly administered in 
vivo, where it is expressed to produce the encoded product. This can be accomplished by 

1 5 any of numerous methods known in the art, e.g., by constructing them as part of an 
appropriate nucleic acid expression vector and administering it so that they become 
intracellular, e.g., by infection using defective or attenuated retrovirals or other viral 
vectors (see U.S. Patent No. 4,980,286), or by direct injection of naked DNA, or by use of 
micro-particle bombardment (e.g., a gene gun; Biolistic, Dupont), or coating with lipids or 

20 cell-surface receptors or transfecting agents, encapsulation in liposomes, microparticles, 
or microcapsules, or by administering them in linkage to a peptide which is known to 
enter the nucleus, by administering it in linkage to a ligand subject to receptor-mediated 
endocytosis (see, e.g., Wu and Wu, 1987, J. Biol. Chem. 262:4429-4432) (which can be 
used to target cell types specifically expressing the receptors), etc. In another 

25 embodiment, nucleic acid-ligand complexes can be formed in which the ligand comprises 
a fusogenic viral peptide to disrupt endosomes, allowing the nucleic acid to avoid 
lysosomal degradation. In yet another embodiment, the nucleic acid can be targeted in 
vivo for cell specific uptake and expression, by targeting a specific receptor (see, e.g., 
PCT Publications WO 92/06180; WO 92/22635; W092/203 16; W093/14188, WO 

30 93/20221). Alternatively, the nucleic acid can be introduced intracellularly and 

incorporated within host cell DNA for expression, by homologous recombination (Roller 
and Smithies, 1989, Proc. Natl. Acad. Sci. USA 86:8932-8935; and Zijlstra et al., 1989, 
Nature 342:435-438). 
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In a specrWfembodiment, viral vectors that contains OTcfeic acid sequences 
encoding an antibody of the invention or fragments thereof are used. For example, a 
retroviral vector can be used (see Miller et al, 1993, Meth. Enzymol. 217:581-599). 
These retroviral vectors contain the components necessary for the correct packaging of 
the viral genome and integration into the host cell DNA. The nucleic acid sequences 
encoding the antibody to be used in gene therapy are cloned into one or more vectors, 
which facilitates delivery of the gene into a subject. More detail about retroviral vectors 
can be found in Boesen et al, 1994, Biotherapy 6:291-302, which describes the use of a 
retroviral vector to deliver the mdr 1 gene to hematopoietic stem cells in order to make 
the stem cells more resistant to chemotherapy. Other references illustrating the use of 
retroviral vectors in gene therapy are Clowes et al, 1994, J. Clin. Invest. 93:644-651; 
Klein et al., 1994, Blood 83:1467-1473; Salmons and Gunzberg, 1993, Human Gene 
Therapy 4:129-141; and Grossman and Wilson, 1993, Curr. Opin. in Genetics and Devel. 
3:110-114. 

Adenoviruses are other viral vectors that can be used in gene therapy and can be 
. targeted to the central nervous system. Adenoviruses have the advantage of being 
capable of infecting non-dividing cells. Kozarsky and Wilson, 1993, Current Opinion in 
Genetics .and Development 3:499-503 present a review of adenovirus-based gene therapy. 
Other instances of the use of adenoviruses in gene therapy can be found in Rosenfeld et 
al., 1991, Science 252:431-434; Rosenfeld etal, 1992, Cell 68:143-155; Mastrangeli et 
al, 1993, J. Clin. Invest. 91:225-234; PCT Publication W094/12649; and Wang et al, 
1995, Gene Therapy 2:775-783. Adeno-associated virus (AAV) has also been proposed 
for use in gene therapy (Walsh et al, 1993, Proc. Soc. Exp. Biol. Med. 204:289-300; and 
U.S. Patent No. 5,436,146). 

Another approach to gene therapy involves transferring a gene to cells in tissue 
culture by such methods as electroporation, lipofection, calcium phosphate mediated 
transfection, or viral infection. Usually, the method of transfer includes the transfer of a 
selectable marker to the cells. The cells are then placed under selection to isolate those 
cells that have taken up and are expressing the transferred gene. Those cells are then 
delivered to a subject. 

In this embodiment, the nucleic acid is introduced into a cell prior to 
administration in vivo of the resulting recombinant cell. Such introduction can be carried 
out by any method known in the art, including but not limited to transfection, 
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electroporationffcroinjection, infection with a viral or baBiophage vector containing 
the nucleic acid sequences, cell fusion, chromosome-mediated gene transfer, 
microcellmediated gene transfer, spheroplast fusion, etc. Numerous techniques are 
known in the art for the introduction of foreign genes into cells (see, e.g., Loeffler and 
5 Behr, 1993, Meth. Enzymol. 217:599-618; and Cohen et al, 1993, Meth. Enzymol. 

217:618-644) and may be used in accordance with the present invention, provided that the 
necessary developmental and physiological functions of the recipient cells are not 
disrupted. The technique should provide for the stable transfer of the nucleic acid to the 
cell, so that the nucleic acid is expressible by the cell and preferably heritable and 
1 0 expressible by its cell progeny. 

The resulting recombinant cells can be delivered to a subject by various methods 
known in the art. Recombinant blood cells (e.g., hematopoietic stem or progenitor cells) 
are preferably administered intravenously. The amount of cells envisioned for use 
depends on the desired effect, patient state, etc., and can be determined by one skilled in 
15 the art. 

Cells into which a nucleic acid can be introduced for purposes of gene therapy 
encompass any desired, available cell type, and include but are not limited to epithelial 
cells, endothelial cells, keratinocytes, fibroblasts, muscle cells, hepatocytes; blood cells 
such as T lymphocytes, B lymphocytes, monocytes, macrophages, neutrophils, 
eosinophils, megakaryocytes, granulocytes; various stem or progenitor cells, in particular 
hematopoietic stem or progenitor cells, e.g., as obtained from bone marrow, umbilical 
cord blood, peripheral blood, fetal liver, etc. In a preferred embodiment, the cell is a 
neural cell. In a preferred embodiment, the cell used forgene therapy is autologous to the 
subject. 

Some embodiments of the present invention provide a recombinant cell containing 
an isolated nucleic acid comprising SEQ ID NO: 2, SEQ ID NO: 3, or the complement 
thereto. These recombinant cells may be used for gene therapy or other purposes. Some 
embodiments of the present invention provide a recombinant cell that contains SEQ ID 
NO: 2, SEQ ID NO: 3, or the complement thereto, in which the nucleotide sequence 
encoding SEQ ID NO: 2, SEQ ID NO: 3, or the complement thereto, is not native to the 
cell. Some embodiments of the present invention provide a recombinant cell containing 
an isolated nucleic acid comprising SEQ ID NO: 2, a coding region of SEQ ID NO: 2, 
SEQ ID NO: 3, a coding region of SEQ ID NO: 3, or the complement of any of the 
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foregoing, in wrMRhe nucleotide sequence is under the corSw of a promoter 
heterologous to the nucleotide sequence. Some embodiments of the present invention 
provide a recombinant cell containing a nucleic acid vector that comprises a nucleic acid 
comprising SEQ ID NO: 2, a coding region of SEQ ID NO: 2, SEQ ID NO: 3, a coding 
region of SEQ ID NO: 3, or the complement of any of the foregoing. 

One aspect of the present invention provides a method of producing protein. In 
the method, a recombinant cell containing any one of the following nucleic acids: 

(i) an isolated nucleic acid comprising the nucleotide sequence of SEQ ID NO: 2, 
a coding region of SEQ ID NO: 2, SEQ ID NO: 3, a coding region of SEQ ID NO: 3, or 
the complement of any of the foregoing; 

(ii) the isolated nucleic acid of claim (i) that is a DNA; 

(iii) an isolated nucleic acid comprising a nucleotide sequence, or the complement 
thereof, encoding any of the following proteins: 

a) a purified protein comprising the amino acid sequence of SEQ ID NO: 8; 

b) a purified protein encoded by a nucleic acid hybridizable to a DNA having a 
sequence consisting of the coding region of SEQ ID NO: 2; 

c) a purified protein comprising an amino acid sequence that has at least 60% 
identity to the amino acid sequence set forth in SEQ ID NO: 8, in which percentage 
identity is determined over an amino acid sequence of identical size as SEQ ID NO: 8; 

d) a purified protein comprising an amino acid sequence that has at least 90% 
identity to the amino acid sequence set forth in SEQ ID NO: 8, in which percentage 
identity is determined over an amino acid sequence of identical size as SEQ ID NO: 8. 

In this aspect of the present invention, the nucleic acid sequence is under the 
control of a promoter heterologous to the nucleotide sequence. The cell is grown such 
that the protein encoded by the nucleic acid is expressed by the cell. Then the expressed 
protein is recovered. One embodiment of the present invention provides an isolated 
protein mat is the product of this process. 

One aspect of the present invention provide a method of producing SEQ ID NO: 
8. The method comprises (i) growing a recombinant cell containing a SEQ ID NO: 2, 
SEQ ID NO: 3, or the complement thereto, in which the nucleic acid sequence encoding 
SEQ ID NO: 2, SEQ ID NO: 3, or the complement thereto is under a promoter that is not 
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native to SEQ ^WO: 2, SEQ ID NO: 3, such that encoded^R? ID NO: 8 is expressed in 
the cell; and (ii) recovering the expressed SEQ ID NO: 8. Some embodiments of the 
present invention provide the product of a process in accordance with this aspect of the 
invention. 

hi an embodiment in which recombinant cells are used in gene therapy, nucleic 
acid sequences encoding a modulator are introduced into the cells such that they are 
expressible by the cells or their progeny, and the recombinant cells are then administered 
in vivo for therapeutic effect. In a specific embodiment, stem or progenitor cells are used. 
Any stem and/or progenitor cells that can be isolated and maintained in vitro can 
potentially be used in accordance with Ibis embodiment of the present invention (see e.g., 
PCT Publication WO 94/08598; Stemple and Anderson, 1992, Cell 7 1:973-985; 
Rheinwald, 1980, Meth. Cell Bio. 21A:229; andPittelkow and Scott, 1986, Mayo Clinic 
Proc. 61:771). 

In a specific embodiment, the nucleic acid to be introduced for purposes of gene 
therapy comprises an inducible promoter operably linked to the coding region, such that 
expression of the nucleic acid is controllable by controlling the presence or absence of the 
appropriate inducer of transcription. 



5.18.13. DEMONSTRATION OF THERAPEUTIC UTILITY 

20 The modulators of the invention can be assayed by any method well known in the 

art. The modulators of the invention or fragments thereof are preferably tested in vitro, 
and then in vivo for the desired therapeutic or prophylactic activity, prior to use in 
humans. For example, in vitro assays that can be used to determine whether 
administration of a specific composition of the present invention is indicated, include in 

25 vitro cell culture assays in which a subject tissue sample is grown in culture, and exposed 
to or otherwise administered a composition of the present invention, and the effect of 
such a composition of the present invention upon the tissue sample is observed. The 
following subsections describe various assays that can be used to determine the efficacy 
of the modulators of the invention. 

30 
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5.18.13.1. si^CLE DOSE EFFECTS ON FOOD AND^ATER INTAKE AND 
BODY WEIGHT GAIN IN FASTED RATS 

Subjects. Male Sprague-Dawley rats (Sasco, St. Louis, Mo.) weighing 210-300 g 

at the be g inni n g of the experiment are used. Animals are triple-housed in stainless steel 

5 hanging cages in a temperature (22°C) and humidity (40-70% RH) controlled animal 

facility with a 12:12 hour light-dark cycle. Food (Standard Rat Chow, PMI Feeds Inc., 

#5012) and water are available ad libitum. 

Apparatus. Consumption data is collected while the animals are housed in 
Nalgene Metabolic cages (Model #650-0100). Each cage comprises subassemblies made 

10 of clear polymethlypentene (PMP), polycarbonate (PC), or stainless steel (SS). The entire 
cylinder-shaped plastic and SS cage rests on a SS stand and houses one animal. The 
animal is contained in the round Upper Chamber (PC) assembly (12 cm high and 20 cm 
in diameter) and rests on a SS floor. Two subassemblies are attached to the Upper 
Chamber. The first assembly consists of a SS feeding chamber (10 cm long, 5 cm high 

15 and 5 cm wide) with a PC feeding drawer attached to the bottom. The feeding drawer has 
two compartments: a food storage compartment with the capacity for approximately 50 g 
of pulverized rat chow, and a food spillage compartment. The animal is allowed access to 
the pulverized chow by an opening in the SS floor of the feeding chamber. The floor of 
the feeding chamber does not allow access to the food dropped into the spillage 

20 compartment. 

The second assembly includes a water bottle support, a PC water bottle (100 ml 
capacity) and a graduated water spillage collection tube. The water bottle support funnels 
any spilled water into the water spillage collection tube. The lower chamber consists of a 
PMP separating cone, PMP collection funnel, PMP fluid (urine) collection tube, and a 
25 PMP solid (feces) collection tube. The separating cone is attached to the top of the 
collection funnel, which in turn is attached to the bottom of the Upper Chamber. The 
urine runs off the separating cone onto the walls of the collection funnel and into the urine 
collection tube. The separating cone also separates the feces and funnels it into the feces 
collection tube. 

30 Food consumption, water consumption, and body weight are measured with an 

Ohaus Portable Advanced scale (± 0.1 gram accuracy). 

Procedure. Prior to the day of testing, animals are habituated to the testing 
apparatus by placing each animal in a Metabolic cage for one hour. On the day of the 
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experiment, anafflfls that are food deprived the previous nighuire weighed and assigned 
to treatment groups. Assignments are made using a quasi-random method utilizing the 
body weights to assure that the treatment groups have similar average body weight. 
Animals are men acmiinistered either vehicle (generally 0.5% methyl cellulose, MC) or 
5 test compound. At that time, the feeding drawer is filled with pulverized chow, and the 
filled water bottle, the empty urine and feces collection tubes are weighed. Two hours 
after test compound treatment, each animal is weighed and placed in a Metabolic Cage. 
Following a one hour test session, animals are removed and body weight obtained. The 
food and water containers are then weighed and the data recorded. 

10 Test Compound. Test Compound is administered orally (0.1-50 mg/kg for oral 

(PO) dosing) using a gavage tube connected to a 3 or 5 ml syringe at a volume of 10 
ml/kg. In some instances test compound is administered by a systemic route (e.g. by 
intravenous injection 0.1-20 mg/kg for i.v. dosing). Test compound for oral dosing is 
made into a homogenous suspension by stirring and ultrasonicating for at least one hour 

15 prior to dosing. 

Statistical Analyses. The means and standard errors of the mean (SEM) for food 
consumption, water consumption, and body weight change are calculated. One-way 
analysis of variance using Sytat (5.2.1) is used to test for group differences. A significant 
effect is defined as having a p value of <0.05. 

20 The following parameters are defined: Body weight change is the difference 

between the body weight of the animal immediately prior to placement in the metabolic 
cage and its body weight at the end of the one hour test session. Food consumption is the 
difference in the weight of the food drawer prior to testing and the weight following the 
one hour test session. Water consumption is the difference in the weight of the water 

25 bottle prior to testing and the weight following the one hour test session. 



5.18.13.2. OVERNIGHT FOOD INTAKE 

Subjects. Male Sprague-Dawley rats (Sasco, St. Louis, Mo.) weighing 210-300 g 
at the beginning of the experiment are used. Animals are pair or triple-housed in stainless 
30 steel hanging cages in a temperature (22°C) and humidity (40-70% RH) controlled animal 
facility with a 12: 12 hour light-dark cycle. Food (Standard Rat Chow, PMI Feeds Inc., 
#5012) and water are available ad libitum. 
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Appara^FConsvmption and elimination data are oTOned while the animals are 
housed in Nalgene Metabolic cages (Model #650-0100). Each cage is comprised of 
subassemblies made of clear polymethlypentene (PMP), polycarbonate (PC), or stainless 
steel (SS). All parts disassemble for quick and accurate data collection and for cleaning. 
5 The entire cylinder-shaped plastic and SS cage rests on a SS stand and houses one animal. 

The animal is contained in the round Upper Chamber (PC) assembly (12 cm high 
and 20 cm in diameter) and rests on a SS floor. Two subassemblies are attached to the 
Upper Chamber. The first assembly consists of a SS feeding chamber (10 cm long, 5 cm 
high and 5 cm wide) with a PC feeding drawer attached to the bottom. The feeding 
10 drawer has two compartments: a food storage compartment with the capacity for 

approximately 50 grams of pulverized rat chow, and a food spillage compartment. The 
animal is allowed access to the pulverized chow by an opening in the SS floor of the 
feeding chamber. The floor of the feeding chamber does not allow access to the food 
dropped into the spillage compartment.. The second assembly includes a water bottle 
15 support, aPC water bottle (100 ml capacity) and a graduated water spillage collection 
tube. The water bottle support funnels any spilled water into the water spillage colllecton 
tube. 

The lower chamber consists of a PMP separating cone, PMP collection funnel, 
PMP fluid (urine) collection tube, and a PMP solid (feces) collection tube. The 
20 separating cone is attached to the top of the collection funnel, which in turn is attached to 
the bottom of the Upper Chamber. The urine runs off the separating cone onto the walls 
of the collection funnel and into the urine collection tube. The separating cone also 
separates the feces and funnels it into the feces collection tube. 

Food consumption, water consumption, urine excretion, feces excretion, and body 
weight are measured with an Ohaus Portable Advanced scale (±0.1 gram accuracy). 

Procedure. On the day of the experiment, animals are weighed and assigned to 
treatment groups. Assignments are made using a quasi-random method utilizing the body 
weights to assure that the treatment groups have similar average body weight. Two hours 
prior to lights off (1830 hours), animals are a(3ministered either vehicle (0.5% methyl 
cellulose, MC) or test compound. At that time, the feeding drawer filled with pulverized 
chow, the filled water bottle, and the empty urine and feces collection tubes are weighed. 
Following dosing, each animal is weighed and placed in the Metabolic Cage. Animals 
are removed from the Metabolic Chamber the following morning (0800 hours) and body 
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weight obtaine^Rie food and water containers, and the feWand urine collection tubes, 
are weighed and the data recorded. 

Test Compound. Test compound is administered orally (PO) using a gavage tube 
connected to a 3 or 5 ml syringe at a volume of 10 mVkg. Test compound is made into a 
homogenous suspension by stirring and ultrasonicating for at least one hour prior to 
dosing. In some experiments, animals are tested for more than one night. In these 
studies, animals are administered, on subsequent nights, the same treatment (test 
compound or 0.5% MC) they had received the first night. 

Statistical Analyses. The means and standard errors of the mean (SEM) for food 
consumption, water consumption, urine excretion, feces excretion, and body weight 
change are calculated. One-way analysis of variance using Sytat (5.2.1) is used to test for 
group differences. A significant effect is defined as having a p value of <.05. 

The following parameters are defined: Body weight change is the difference 
between the body weight of the animal immediately prior to placement in the metabolic 
cage (1630 hours) and its body weight the following morning (0800 hours). Food 
consumption is the difference in the weight of the food drawer at 1630 and the weight at 
0800. Water consumption is the difference in the weight of the water bottle at 1630 and 
the weight at 0800. Fecal excretion is the difference in the weight of the empty fecal 
collection tube at 1630 and the weight at 0800. Urinary excretion is the difference in the 
weight of the empty urine collection tube at 1630 and the weight at 0800. 



5.18.14. METHODS FOR DETECTING CHANGES IN GENE EXPRESSION OR 

PROTEIN EXPRESSION 

This invention provides several methods for detecting changes in gene expression 

or protein expression, including but not limited to the expression of SEQ ID NO: 1 , SEQ 

ID NO: 2, SEQ ID NO: 3, SEQ ID NO: 9, SEQ ID NO: 12, SEQ ID NO: 13, SEQ ID NO: 

16, SEQ ID NO: 19, SEQ ID NO: 20, homologs of each of the foregoing, and marker 

genes operably linked to each of the forgoing. SEQ ID NO: 1, SEQ ID NO: 2, SEQ ID 

NO: 3, SEQ ID NO: 9, SEQ ID NO: 12, SEQ ID NO: 13, SEQ ID NO: 16, SEQ ID NO: 

19, SEQ ID NO: 20 are described in Section 6.7.5, below: Assays for changes in gene 

expression are well known in the art (see, e.g., PCT Publication No. WO 96/34099, 

published October 31, 1996, which is incorporated by reference herein in its entirety). 
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Such assays m<|R performed in vitro using transformed cwRnes, immortalized cell 
lines, or recombinant cell lines. 

The RNA expression or protein expression of an open reading frame (which may 
be of a marker gene or may be of a gene described in Section 6.7.5), regulated by a 
5 promoter native to the gene described in Section 6.7.5 may be measured by measuring the 
amount or abundance of the RNA (as RNA or cDNA) or protein. In particular, the assays 
may detect the presence of increased or decreased expression of a gene described in 
Section 6.7.5 (e.g., SEQ ID NO: 1, SEQ ID NO: 2, SEQ ID NO: 3, SEQ ID NO: 9, SEQ 
ID NO: 12, SEQ ID NO: 13, SEQ ID NO: 16, SEQ ID NO: 19, SEQ ID NO: 20) on the 
10 basis of increased or decreased mRNA expression (using, e.g., nucleic acid probes), 
increased or decreased levels of protein products (using, e.g., antibodies thereto), or 
increased or decreased levels of expression of a marker gene {e.g., green fluorescent 
protein "GFP") operably linked to athe 5' promoter region in a recombinant construct. 

The present invention envisions monitoring changes in gene expression (e.g. , a 
1 5 gene disclosed in Section 6.7.5, below) or marker gene expression by any expression 
. analysis technique known to one of skill in the art, including but not limited to, 
differential display, serial analysis of gene expression (SAGE), nucleic acid array 
technology, oligonucleotide array technology, GeneChip expression analysis, dot blot 
hybridization, northern blot hybridization, subtractive hybridization, protein chip arrays, 
20 Western blot, immunoprecipitation followed by SDS PAGE, immunocytochemistry, 
proteome analysis and mass-spectrometry of two-dimensional protein gels. 

Methods of gene expression profiling to measure changes in gene expression are 
well-known in the art, as exemplified by the following references describing subtractive 
hybridization (Wang and Brown, 1991, Proc. Natl. Acad. Sci. U.S.A. 88:11505-11509), 

25 differential display (Liang and Pardee, 1992, Science 257:967-971), SAGE (Velculescu et 
al., 1995, Science 270:484-487), proteome analysis (Humphery-Smith et al., 1997, 
Electrophoresis 18:1217-1242; Daineseet al., 1997 Electrophoresis 18:432-442), and 
hybridization-based methods employing nucleic acid arrays (Heller et al., 1997, Proc. 
Natl. Acad. Sci. U.S.A. 94:2150-2155; Lashkari et al., 1997, Proc. Natl. Acad. Sci. U.S.A. 

30 94:13057-13062; Wodicka et al., 1997, Nature Bioteehnol. 15:1259-1267). Microarray 
technology is described in more detail below. 

In one series of embodiments, various expression analysis techniques maybe used 
to identify molecules that affect expression of a gene disclosed in Section 6.7.5 or marker 
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gene expressiofffy comparing a cell line expressing a ger^Bsclosed in Section 6.7.5 
(e.g., SEQ ID NO: 1, SEQ ID NO: 2, SEQ ID NO: 3, SEQ ID NO: 9, SEQ ID NO: 12, 
SEQ ID NO: 13, SEQ ID NO: 16, SEQ ID NO: 19, SEQ ID NO: 20) or a marker gene 
under the control of a gene promoter sequence in the absence of a test molecule to a cell 
5 line expressing the same gene or marker gene under the control of the same promoter 
sequence in the presence of the test molecule. In a preferred embodiment, expression 
analysis techniques are used to identify a molecule that upregulates a gene disclosed in 
Section 6.7.5 or upregulates marker gene expression upon treatment of a cell with the 
molecule. 

10 

5.18.15. METHODS FOR MONITORING REPORTER GENE EXPRESSION OF 
A GENE OF THE PRESENT INVENTION 

5.18.15.1. HETEROLOGOUS REPORTER GENE CONSTRUCT 
15 In a preferred embodiment, the cell being assayed for reporter gene expression 

contains a fusion construct of at least one transcriptional promoter region for a gene 
disclosed in Section 6.7.5 (e.g., SEQ ID NO: 1, SEQ ID NO: 2, SEQ ID NO: 3, SEQ ID 
NO: 9, SEQ ID NO: 12, SEQ ID NO: 13, SEQ ID NO: 16, SEQ ID NO: 19, SEQ ID NO: 
20) (also referred to herein as the test gene), or hbmologs of the foregoing, each operably 
20 linked to a marker gene expressing a detectable and/or selectable product. Increased 
expression of a marker gene operably linked to a gene promoter indicates increased 
expression of the test gene. 

The marker gene is a sequence encoding a detectable or selectable marker, the 
expression of which is regulated by at least one gene promoter region in the heterologous 

25 construct used in the present invention. Preferably, the assay is carried out in the absence 
of background levels of marker gene expression (e.g., in a cell that is mutant or otherwise 
lacking in the marker gene). If not already lacking in endogenous marker gene activity, 
cells mutant in the marker gene may be selected by known methods, or the cells can be 
made mutant in the marker gene by known gene-disruption methods prior to introducing 

30 the marker gene (Rothstein, 1983, Meth. Enzymol. 101 :202-21 1). 

A marker gene of the invention may be any gene that encodes a detectable and/or 
selectable product. The detectable marker can be any molecule that can give rise to a 
detectable signal, e.g., a fluorescent protein or a protein that can be readily visualized or 
that is recognizable by a specific antibody or that gives rise enzymatically to a signal. 
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:er can be any molecule that can be sel 
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which gives cells a selective advantage over cells not having the selectable marker under 
appropriate (selective) conditions. In preferred aspects, the selectable marker is an 
essential nutrient in which the cell in which the interaction assay occurs is mutant or 
otherwise lacks or is deficient, and the selection medium lacks such nutrient. In one 
embodiment, one type of marker gene is used to detect gene expression. In another 
embodiment, more man one type of marker gene is used to detect gene expression. 

Preferred marker genes include but are not limited to, green fluorescent protein 
(GFP) (Cubitt et al., 1995, Trends Biochem. Sci. 20:448-455), red fluorescent protein, 
blue fluorescent protein, luciferase, LEU2, LYS2, ADE2, TRP1, CAN1, CYH2, GUS, 
CUP1 or chloramphenicol acetyl transferase (CAT). Other marker genes include, but are 
not limited to, URA3, HIS3 and/or the lacZ genes (see e.g., Rose and Botstein, 1983, 
Meth. Enzymol. 101:167-180) operably linked to GAL4 DNA-binding domain 
recognition elements. Alam and Cook disclose non-limiting examples of detectable 
marker genes that can be operably linked to a glucan synthase pathway reporter gene 
promoter region (Alam and Cook, 1990, Anal. Biochem. 188:245-254). 

In a preferred embodiment, more than one . different marker gene is used to detect 
transcriptional activation, e.g., one encoding a detectable marker, and one or more 
encoding one or more different selectable marker(s), or e.g., different detectable markers. 
Expression of the marker genes can be detected and/or selected for by techniques known 
in the art (see e.g. U.S. Patent Nos. 6,057,101 and 6,083,693). 

Methods to construct a suitable reporter construct are disclosed herein by way of 
illustration and not limitation and any other methods known in the art may also be used. 
In a preferred embodiment, the reporter gene construct is a chimeric reporter construct 
comprising a marker gene that is transcribed under the control of a gene promoter 
sequence comprising all or a portion of a promoter region of SEQ ID NO: 1 , SEQ ID NO: 
2, SEQ ID NO: 3, SEQ ID NO: 9, SEQ ID NO: 12, SEQ ID NO: 13, SEQ ID NO: 16, 
SEQ ID NO: 19, SEQ ID NO: 20. If not already a part of the DNA sequence, the 
translation initiation codon, ATG, is provided in the correct reading frame upstream of 
the DNA sequence. ... ..... 

Vectors comprising all or portions of the gene sequences of SEQ ID NO: 1, SEQ 
ID NO: 2, SEQ ID NO: 3, SEQ ID NO: 9, SEQ ID NO: 12, SEQ ID NO: 13, SEQ ID NO: 
16, SEQ ID NO: 19, SEQ ID NO: 20 useful in the construction of recombinant reporter 
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gene construct^R cells are provided. The vectors of thislKntion also include those 
vectors comprising DNA sequences that hybridize under stringent conditions to SEQ ID 
NO: 1, SEQ ID NO: 2, SEQ ID NO: 3, SEQ ID NO: 9, SEQ ID NO: 12, SEQ ID NO: 13, 
SEQ ID NO: 16, SEQ ID NO: 19, SEQ ID NO: 20 gene sequences, and conservatively ' 
5 modified variations thereof. 

The vectors of this invention may be present in transformed or transfected cells, 
cell lysates, or in partially purified or substantially pure fotms. DNA vectors may contain 
a means for amplifying the copy number of the gene of interest, stabilizing sequences, or 
alternatively may be designed to favor directed or non-directed integration into the host 
10 cell genome. 

Given the strategies described herein, one of skill in the art can construct a variety 
of vectors and nucleic acid molecules comprising functionally equivalent nucleic acids. 
DNA cloning and sequencing methods are well known to those of skill in the art and are 
described in an assortment of laboratory manuals, including Sambrook et al, 1989, supra; 
15 and Ausubel et al, 2002 Supplement 

Transformation and other methods of introducing nucleic acids into a host cell 
{e.g., transfection, electroporation, liposome delivery, membrane fusion techniques, high 
velocity DNA-coated pellets, viral infection and protoplast fusion) can be accomplished 
by a variety of methods that are well known in the art (see, for instance, Ausubel, supra, 
20 and Sambrook, supra). S. cerevisiae cells of the invention can be transformed or 

transfected with an expression vector, such as a plasmid, a cosmid, or the like, wherein 
the expression vector comprises the DNA of interest. Alternatively, the cells may be 
infected by a viral expression vector comprising the DNA or RNA of interest. 

Particular details of the transfection and expression of nucleic acid sequences are 
25 well documented and are understood by those of skill in the art. Further details on the 
various technical aspects of each of the steps used in recombinant production of foreign 
genes in expression systems can be found in a number of texts and laboratory manuals in 
the art (see, e.g., Ausubel et al., 2002, herein incorporated by reference). 



30 5.18.15.2. OTHER METHODS FOR MONITORING REPORTER GENE 

EXPRESSION 

In accordance with the present invention, reporter gene expression can be 
monitored at the RNA or the protein level. In a specific embodiment, molecules that 
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affect reporter expression may be identified by detectiRifferences in the level of 
marker protein expressed by cells contacted with a test molecule versus the level of 
marker protein expressed by cells in the absence of the test molecule. 

Protein expression can be monitored using a variety of methods that are well 
5 known to those of skill in the art. For example, protein chips or protein microarrays (e.g. , 
ProteinChip™, Ciphergen Biosystem) and two-dimensional electrophoresis (see e.g., U.S. 
Patent No. 6,064,754 which is incorporated herein by reference in its entirety) can be 
utilized to monitor protein expression levels. As used herein "two-dimensional 
electrophoresis") (2D-electrophoresis) means a technique comprising isoelectric focusing, 
10 followed by denaturing electrophoresis, generating a two-dimensional gel (2D-gel) 

containing a plurality of proteins. Any protocol for 2D-electrophoresis known to one of 
ordinary skill in the art can be used to analyze protein expression by the reporter genes of 
, the invention. For example, 2D electrophoresis can be performed according to the 
methods described in O'Farrell, 1975, J. Biol. Chem. 250: 4007-4021. 

1 5 Liquid High Throughput-Like Assay. In a preferred embodiment, a liquid high 

throughput-like assay is used to determine the protein expression level of a reporter gene. 
The following exemplary, but not limiting, assay may be used: 

A reporter construct is transformed into a cell strain. Cultures from solid media 
plates are used to innoculate liquid cultures in Casamino Acids media or an equivalent 
20 media. This liquid culture is grown and then diluted in Casamino Acids media or an 
equivalent media. 

A test molecule is selected for the assay, preferably but not necessarily along with 
a negative control molecule. The test molecule and negative control molecule are 
separately added to an assay plate containing multiple wells and serially diluted (e.g., 1 to 
25 2) into Casamino Acids media plus DMSO in sequential columns, so that each plate 

contains a range of concentrations of each drug. If a negative control is being used, one 
column of each plate may be used as a "no drug" control, containing only Casamino 
Acids media plus DMSO. The skilled artisan will note that different assay plates may be 
used, such as those with 96, 384 or 1536 well format. 

30 An aliquot of liquid reporter strain is added to each well of the serial dilution 

plates from above and mixed. The assay plates are then incubated. After incubation the 
assay plates are analyzed for detectable marker gene product. In a preferred embodiment, 
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the assay plate^R imaged in a Molecular Dynamics Fluorfflliger SI to measure the 



fluorescence from the GFP reporters. 



The results are then analyzed, as described above. If the drug is an inhibitor of the 
gene product {.e.g., an inhibitor of SEQ ID NO: 4, SEQ ID NO: 5, SEQ ID NO: 6, SEQ 
5 ID NO: 7, SEQ ID NO: 8, SEQ ID NO: 10, SEQ ID NO: 1 1, SEQ ID NO: 14, SEQ ID 
NO: 15, SEQ ID NO: 17, SEQ ID NO: 18, SEQ ID NO: 21, SEQ ID NO: 22, SEQ ID 
NO: 23, SEQ ID NO: 24, SEQ ID NO: 25, SEQ ID NO: 26, SEQ ID NO: 27, SEQ ED 
NO: 28, and SEQ ID NO: 29, the reporter will show increases in fluorescence for the 
higher drug concentrations versus the lower drug concentrations and/or the no drug 
10 controls. 

5.18.15.3. SPECIFIC EMBODIMENTS 

One embodiment of the present invention provides a method for determining 
whether a candidate molecule affects a body weight disorder associated with an organism. 

15 In step (a) of the method, a cell from the organism is contacted with the candidate 

molecule. Alternatively, the candidate molecule is recombinantly expressed within the 
cell. In step (b) of the method, a determination is made as to whether the KNA 
expression or protein expression in the cell of at least one open reading frame is changed 
in step (a) relative to the expression of the open reading frame in the absence of the 

20 candidate molecule, where each open reading frame is regulated by a promoter native to a 
nucleic acid sequence selected from the group consisting of SEQ ID NO: 1, SEQ ID NO: 
2, SEQ ID NO: 3, SEQ ID NO: 9, SEQ ID NO: 12, SEQ ID NO: 13, SEQ ID NO: 16, 
SEQ ID NO: 19, SEQ JD NO: 20, and homologs of each of the foregoing. The candidate 
molecule affects a body weight disorder associated with the organism when the RNA 

25 expression or protein expression of the at least one open reading frame is changed. The 
candidate molecule does not affect a body weight disorder associated with the organism 
when the RNA expression or protein expression of the at least one open reading frame is 
unchanged. In some embodiments, the body weight disorder is obesity, anorexia nervosa, 
bulimia nervosa or cachexia. 

30 In some embodiments, the candidate molecule affects a body weight disorder 

associated with the organism when a cell from the organism that is contacted with the 
candidate molecule exhibits a lower expression level of a protein sequence in the group 
consisting of SEQ ID NO: 4, SEQ ID NO: 5, SEQ ID NO: 6, SEQ ID NO: 7, SEQ ID 
NO: 8, SEQ ID NO: 10, SEQ ID NO: 1 1, SEQ ID NO: 14, SEQ ID NO: 15, SEQ ID NO: 
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17, SEQ ID N«, SEQ ID NO: 21, SEQ ID NO: 22, SE^B NO: 23, SEQ ID NO: 24, 
SEQ ID NO: 25, SEQ ID NO: 26, SEQ ID NO: 27, SEQ ID NO: 28, and SEQ ID NO: 29, 
relative to a cell from the organism that is not contacted with the candidate molecule. 

In some embodiments step (b) comprises determining whether RNA expression is 
changed. In some embodiments, step (b) comprises deteranning whether protein 
expression is changed. In some embodiments, step (b) comprises deterrmning whether 
RNA or protein expression of at least two of the open reading frames is changed. In some 
embodiments, step (a) comprises contacting the cell with the candidate molecule and step 
(a) is carried out in a liquid high throughput-like assay. 

In some embodiments, the cell comprises a promoter region of at least one gene 
selected from the group consisting of SEQ ID NO: 1 , SEQ ID NO: 2, SEQ ID NO: 3, 
SEQ ID NO: 9, SEQ ID NO: 12, SEQ ID NO: 13, SEQ ID NO: 16, SEQ ID NO: 19. SEQ 
ID NO: 20, and homologs of each of the foregoing, each promoter region being operably 
linked to a marker gene. Further, in such embodiments, step (b) comprises determining 
whether the RNA expression or protein expression of the marker gene(s) is changed in 
step (a) relative to the expression of the marker gene in the absence of the candidate 
molecule. In some embodiments, the marker gene is selected from the group consisting 
of green fluorescent protein, red fluorescent protein, blue fluorescent protein, luciferase, 
LEU2, LYS2, ADE2, TRP1, CAN1, CYH2, GUS, CUP1 and chloramphenicol acetyl 
20 transferase. 

Another aspect of the invention provides a method of identifying a molecule that 
specifically binds to a ligand selected from the group consisting of (i) aprotein encoded 
by a gene selected from the group consisting of SEQ ID NO: 1 , SEQ ID NO: 2, SEQ ID 
NO: 3, SEQ ID NO: 9, SEQ ID NO: 12. SEQ ID NO: 13, SEQ ID NO: 16, SEQ ID NO: 
19, SEQ ID NO: 20, and homologs of each of the foregoing, and (ii) a biologically active 
fragment of SEQ ID NO: 4, SEQ ID NO: 5, SEQ ID NO: 6, SEQ ID NO: 7, SEQ ID NO: 
8, SEQ ID NO: 10, SEQ ID NO: 1 1, SEQ ID NO: 14, SEQ ID NO: 15, SEQ ID NO: 17, 
SEQ ID NO: 18, SEQ ID NO: 21, SEQ ID NO: 22, SEQ ID NO: 23, SEQ ID NO: 24, ' 
SEQ ID NO: 25, SEQ ID NO: 26, SEQ ID NO: 27, SEQ ID NO: 28, and SEQ ID NO: 29. 
The method comprises (a) contactmg.the ligand with one or more candidate . molecules 
under conditions conducive to binding between the ligand and the candidate molecules; . 
and (b) identifying a molecule within the one or more candidate molecules that binds to 
the ligand. 
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5.18.16. METHOD OF TREATING OR PREVENTING BODY WEIGHT 

DISORDERS 

One aspect of the invention provides a method of treating or preventing a body 
weight disorder. The method comprises administering to a subject in which treatment is 
desired a therapeutically effective amount of a molecule that inhibits a function of one or 
more of the group consisting of SEQ ID NO: 8, SEQ ID NO: 11, SEQ ID NO: 15, SEQ 
ID NO: 18, SEQ ID NO: 25, SEQ ID NO: 26, and SEQ ID NO: 27. In some 
embodiments, the subject is human. In some embodiments, the molecule that inhibits a 
function of one or more of the group consisting of SEQ ID NO: 8, SEQ ID NO: 1 1, SEQ 
ID NO: 15, SEQ ID NO: 18, SEQ ID NO: 25, SEQ ID NO: 26, and SEQ ID NO: 27 is 
selected from the group consisting of an antibody that binds to one of SEQ ID NO: 8, 
SEQ ID NO: 1 1, SEQ ID NO: 15, SEQ ID NO: 18, SEQ ID NO: 25, SEQ ID NO: 26, and 
SEQ ID NO: 27 or a fragment or derivative therefore containing the binding region 
15 thereof, a nucleic acid complementary to the RNA produced by transcription of a gene 
encoding one of SEQ ID NO: 8, SEQ ID NO: 1 1, SEQ ID NO: 15, SEQ ID NO: 18, SEQ 
ID NO: 25, SEQ ID NO: 26, and SEQ ID NO: 27. In some embodiments, the molecule 
that inhibits a function of one or more of the group consisting of SEQ ID NO: 8, SEQ ID 
NO: 11, SEQ ID NO: 15, SEQ ID NO: 18, SEQ ID NO: 25, SEQ ID NO: 26, and SEQ ID 
20 NO: 27 is an oligonucleotide that (a) consists of at least six nucleotides; (b) comprises a 
sequence complementary to at least a portion of an RNA transcript of a gene encoding 
one of SEQ ID NO: 8, SEQ ID NO: 1 1, SEQ ID NO: 15, SEQ ID NO: 18, SEQ ID NO: 
25, SEQ ID NO: 26 or SEQ ID NO: 27; and (c) is hybridizable to said RNA transcript 
under moderately stringent conditions. 

25 Another aspect of the invention provides a method of treating or preventing a 

body weight disorder. The method comprises administering to a subject in which 
treatment is desired a therapeutically effective amount of a molecule that enhances a 
function of one or more of the group consisting of SEQ ID NO: 8, SEQ ID NO: 1 1, SEQ 
ID NO: 15, SEQ ID NO: 18, SEQ ID NO: 25, SEQ ID NO: 26, and SEQ ID NO: 27. In 

30 some embodiments, the subject is human. 

Yet another aspect of the invention provides a method of diagnosing a disease or 
disorder or the predisposition to said disease or disorder, wherein the disease or disorder 
is characterized by an aberrant level of one of SEQ ID NO: 1 through SEQ ID NO: 29 in 
a subject. The method comprises measuring the level of any one of SEQ ID NO: 1 
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through SEQ ^Po: 29 in a sample derived from the subjoin which an increase or 
decrease in the level of one of SEQ ID NO: 1 through SEQ ID NO: 29 in the sample, 
relative to the level of one of said SEQ ID NO: 1 through SEQ ID NO: 29 found in an 
analogous sample not having the disease or disorder, indicates the present of the disease 
5 or disorder in the subject. In some embodiments, the disease or disorder is a body weight 
disorder, such as obesity, anorexia nervosa, bulimia nervosa, or cachexia. 

Still another aspect of the invention provides a method of diagnosing or screening 
for the presence of or predisposition for developing a disease or disorder involving a body 
weight disorder in a subject comprising detecting one or more mutations in at least one of 
10 SEQ ID NO: 1 through SEQ ID NO: 29 in a sample derived from the subject, in which 
the presence of the one or more mutations indicates the presence of the disease or 
disorder or a predisposition for developing the disease or disorder. 



20 



5.18.17. TRANSGENIC ANIMALS 

15 The invention also provides animal models. Transgenic animals that have 

incorporated and express a constitutively-functional obesity related gene have use as 
animal models of diseases and disorders involving in T-cell overactivation or 
over-proliferation, or in which cell proliferation is desired. Such animals can be used to 
screen for or test molecules for the ability to suppress activation and/or proliferation of 
T-cells and thus treat or prevent such diseases and disorders. In one embodiment, animal 
models for diseases and disorders involving obesity related disorders are provided. Such 
animals can be initially produced by promoting homologous recombination between an 
obesity related gene in its chromosome and an exogenous obesity related gene that has 
been rendered biologically inactive. Preferably the sequence inserted is a heterologous 
sequence, e.g., an antibiotic resistance gene. In a preferred aspect, this homologous 
recombination is carried out by transforming embryo-derived stem (ES) cells with a 
vector containing an insertionally inactivated gene, wherein the active gene encodes a 
particular obesity related gene, such that homologous recombination occurs; the ES cells 
are then injected into a blastocyst, and the blastocyst is implanted into a foster mother, 
30 followed by the birth of the chimeric animal, also called a "knockout animal," in which 
an obesity related gene has been inactivated (see Capecchi, 1989, Science 244: 
1288-1292). The chimeric animal can be bred to produce additional knockout animals. 
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Chimeric anim^Kan be and are preferably non-human mammals such as mice, hamsters, 
sheep, pigs, cattle, etc. In a specific embodiment, a knockout mouse is produced. 

Such knockout animals are expected to develop or be predisposed to developing 
diseases or disorders involving obesity and thus can have use as animal models of such 
5 diseases and disorders, e.g., to screen for or test molecules for the ability to promote 
activation or proliferation and thus treat or prevent such diseases or disorders. 

In a different embodiment of the invention, transgenic animals that have 
incorporated and express a constitutively-functional obesity related gene have use as 
animal models of diseases and disorders involving in T-celi overactivation, or in which T 
10 cell activation is desired. 

In particular, each transgenic line expressing a particular key gene under the 
control of the regulatory sequences of a characterizing gene is created by the introduction, 
for example by pronuclear injection, of a vector containing the transgene into a founder 
animal, such that the transgene is transmitted to offspring in the line. The transgene 

1 5 preferably randomly integrates into the genome of the founder but in specific 

embodiments may be introduced by directed homologous recombination. In a preferred 
embodiment, the transgene is present at a location on the chromosome other than the site 
of the endogenous characterizing gene. In a preferred embodiment, homologous 
recombination in bacteria is used for target-directed insertion of the key gene sequence 

20 into the genomic DNA for all or a portion of the characterizing gene, including sufficient 
characterizing gene regulatory sequences to promote expression of the characterizing 
gene in its endogenous expression pattern. In a preferred embodiment, the characterizing 
gene sequences are on a bacterial artificial chromosome (BAC). In specific 
embodiments, the key gene coding sequences are inserted as a 5' fusion with the 

25 characterizing gene coding sequence such that the key gene coding sequences are inserted 
in frame and directly 3' from the initiation codon for the characterizing gene coding 
sequences. In another embodiment, the key gene coding sequences are inserted into the 
3' untranslated region (UTR) of the characterizing gene and, preferably, have their own 
internal ribosome entry sequence (IRES). 

30 The vector (preferably a BAC) comprising the key gene coding sequences and 

characterizing gene sequences is then introduced into the genome of a potential founder 
animal to generate a line of transgenic animals. Potential founder animals can be 
screened for the selective expression of the key gene sequence in the population of cells 
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characterized ^^xpression of the endogenous characterizfflggene. Transgenic animals 
that exhibit appropriate expression (e.g., detectable expression of the key gene product 
having the same expression pattern within the animal as the endogenous characterizing 
gene) are selected as founders for a line of transgenic animals. 

5 One aspect of the invention provides a recombinant non-human animal that is the 

product of a process comprising introducing a nucleic acid encoding at least a domain of 
one of SEQ ID NO: 8, SEQ ID NO: 15, SEQ ID NO: 18, SEQ ID NO: 25, SEQ ID NO: 
26, and SEQ ID NO: 27 into the non-human animal. 



10 5.19. USING CROSS SPECIES DATA TO ASSOCIATE GENES WITH TRAITS 

OF INTEREST 

Another aspect of the invention provides processes by which cross-species data 
(e.g., mouse and human data) are used to associate genes with a trait of interest (e.g., 
obesity). In this aspect of the invention, QTL and genes of interest are identified in a first 
15 species using techniques such as those described in Sections 5.19.1 and 5.19.3, below. 
Then, the QTL and genes identified in the first species are used to identify regions of the 
genome of a second species, or specific genes in the second species, that contribute, 
cause, or are otherwise associated with a trait of interest using the techniques described in 
Section 5.19.2, below. 

20 One aspect of the present invention provides ways to identify genes associated 

with a trait using data from multiple species. In this aspect of the invention, causal genes 
are identified in a first species using the techniques disclosed in Section 5.19.1, Section 
5.19.3, United States Patent Application Serial Number 60/492,682, filed August 5, 2003 
entitled "Computer systems and methods for inferring causality from cellular constituent 

25 abundance data", United States Patent Application Serial Number 60/497,480, filed 
August 21, 2003, entitled "Computer systems and methods for inferring causality from 
cellular constituent abundance data", United States Patent Application Serial Number 
60/400,522 filed August 2, 2002 entitled "Computer systems and methods that use 
filfflical and expression quantitative trait loci to associate genes with traits", and United 

30 States Patent Application Serial Number 60/460,303 filed April 2, 2003, entitled 

"Computer systems and methods that use clinical and expression quantitative trait loci to 
associate genes with traits." Typically, this first species is a segregating population such 
as a mouse cross. The second species is typically humans or some other outbred 
population in which controlled crosses are either impossible to arrange or are 
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prohibitively e^Ksive. The identity of the causal genes, JWI key drivers, for traits 
related to a disease under study in the first population can be used to identify candidate 
genes causal for a related disease under study in a second species in any one of at least 
three different approaches. 
5 In a first approach, the causal genes from the first species are directly mapped to 

the corresponding genes (orthologous genes) in the second species using standard 
comparative genomics procedures. Such genes can be validated using association-based 
testing in a case/control population in the second species. For example, consider the case 
in which 30 genes have been identified as causal in a controlled cross of a first species 

10 using the techniques disclosed in Section 5. 19.3. The identity of these 30 genes is used to 
find the orthologous genes in the second species. Alternatively or additionally, the 
identity of the 30 genes is used to find corresponding loci in the second species using a 
syntenic map between the two species. Next, each locus or gene identified in the second 
species is validated using marker-based association studies in appropriately selected 

15 case/control populations. 

For example, consider a candidate gene in the second species orthologous to a 
gene in the first species that has been identified as causal for a trait under study using the 
techniques of Section 5.19.3. To validate the gene in the second species, a cohort of the 
second species is assembled. One portion of the cohort will comprise the cases related to 

20 the trait under study (e.g., those individuals in some population identified as obese) and 
the second portion of the cohort population will comprise the controls (e.g., a random 
sampling of individuals from the population). Each member of the cohort is genotyped 
with respect to markers in the gene. Such genotyping can involve ascertainment of the 
allele of known markers in the gene or a separate discovery component for and 

25 ascertainment of new markers in the gene. In one approach, the sequence of the gene 
from each member of the cohort population is obtained and used to identify single 
nucleotide polymorphisms (SNPs) within the gene. Such SNPs typically have a major 
allele and a minor allele. Those SNPs with a minor allele frequency present in at least 
two percent (or some other minimum threshold number) of the cohort are used as 

30 markers. Each marker is then tested to see if the marker associates with the trait under 

study in the cohort population. In addition, haplotypes can be reconstructed from the - 
collection of SNP data collected in the cohort under study using standard techniques, and 
association testing can then be carried out directly using the haplotypes. Further, the 
haplotypes can be used to reduce the number of SNPs that need to be genotyped in 
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extended coha^ror other studies that involve association tiffing between SNPs in the 
gene region and the disease trait of interest. 

For instance, a marker will associate with a trait under study when the frequency 
of one of the alleles for the marker differs significantly between the cases and controls. A 
5 marker will not associate with a trait under study when there is no frequency difference 
for any given allele for the marker between the cases and controls. In preferred 
embodiments, the genotyped markers are haplotyped using conventional haplotype 
techniques known by those of skill in the art and each such haplotype or representative 
SNPs comprising each haplotype are used in an association study to see if the haplotype 

10 or representative SHPs associate with the trait under study. 

To summarize, genetic techniques that rely on pedigree information and that are 
described in Sections 5.19.1 and/or 5.19.3 are used to identify potentially causal genes in 
a segregating population (first species) such as that of a mouse cross. Genes orthologous 
to these genes are identified in another species (second species) such as humans. 

1 5 Alternatively, loci that syntenically map to such causal genes are identified. The genes or 
loci in the second species are genotyped, haplotypes are constructed and/or individual 
markers are used in association studies based upon a cohort assembled with respect to the 
trait of interest. Those genes or loci that have one or more markers and or haplotypes that 
associate with the disease are considered validated as causal for the trait under study and 

20 are subjected to further analysis. 

In a second approach, quantitative or qualitative genetic studies are used to 
identify cQTL or loci for traits in the second species. To be effective, the trait analyzed 
in the second species has some nexus with the corresponding trait in the first species. For 
example, the trait in the first species could be omental fat pad mass whereas the trait in 

25 the second species could be obesity or visceral fat mass. In this second approach, a gene 
in the second species is identified as a causal candidate when both of the following 
conditions hold true: (i) the gene is within a one lod score drop of a cQTL or other form 
of loci in the second species and (ii) the corresponding gene in the first species is 
identified as causal using the techniques disclosed in Section 19.3. In such cases, genes 

30 so identified can be validated using the type of association-based method described in the 
first approach above. 

In a third approach, an expression-based association analysis is performed with 
the second species. Genes that (i) have expression patterns that associate with a disease 
or trait under study in the first species and are orthologous to genes in a segregating 
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population of species that are causal for a related di^Bi or trait in the first species 
are selected for further analysis. To perform the association analysis, a cohort of the 
second species is assembled as described above for the first approach. Once a cohort has 
been assembled, a biopsy is taken from each member of the cohort for a particular tissue 
5 of interest (e.g., adipose tissue). These biopsies are used to obtain cellular constituent 
abundance data for each member of the cohort. For example, in the case of obesity, the 
biopsy taken from each subject could be subcutaneous fat tissue and the cellular 
constituent abundance data could be the expression levels of genes expressed in the 
subcutaneous fat tissue. Next, an association analysis is run on all or a portion of the 
10 cellular constituents for which cellular constituent abundance data is available. The goal 
of such a study is to identify which of the cellular constituents associate with the trait 
under study. 

For example, a cellular constituent will associate with the trait if the abundance 
level of the cellular constituent is consistently high in the portion of the cohort population 

15 that exhibits the disease and is consistently low in the portion of the cohort that is 

randomly selected from the population. Reciprocally, a cellular constituent will associate 
with the trait if the abundance level of the cellular constituent is consistently low in the 
. portion of the cohort that exhibits the disease and is consistently high in the portion of the 
cohort randomly selected from the population. A cellular constituent will not associate 

20 with a trait when the abundance level of the cellular constituent has no defined pattern 
with respect to the cohort. In other words, a cellular constituent will not associate with a 
trait if the cellular constituent does not have a pattern of high (or low) abundance in the 
portion of the cohort that has the trait or the portion of the cohort representing a random 
sampling from the population. Association analyses are further discussed in Section 

25 5.15.1. 

Thus, in the third approach, genes in the outbred second species (e.g. humans) that 
are associated with a complex trait are identified. Those genes that (i) have expression 
patterns that associate with a disease or trait under study in the second^species and (ii) are 
orthologs of genes that are identified as causal for a related disease or trait in the first 
30 inbred species (e.g., a mouse population) using the techniques discussed, for example, in 
Section 5.19.3 are selected as candidates for further validation. Such validation can 
include association-based testing in a case/control cohort population using the association 
techniques described in the first approach. 
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One emP&iment in accordance with this aspect ofTn?invention provides a 
method for confirming the association of a query QTL or a query gene in the genome of a 
second species with a clinical trait T exhibited by the second species. In the method, a 
first QTL or a first gene in a first species that is linked to a trait T' is found. Here, trait T' 
5 (exhibited by the first species) is indicative of trait T (exhibited by the second species). 
See Section 5.19.1, below. A region of the genome of the first species that comprises the 
first QTL or the first gene is mapped to a region of the genome of the second species. A 
query QTL or a query gene in the second species that is potentially associated with the 
trait T is found. The potential association of the query QTL or the query gene with the 
10 clinical trait T is confirmed when the query QTL or the query gene is in the region of the 
genome of the second species. See Section 5.19.2, below. 

Sections 5.19.1 and 5.19.2 provide an example in which trait T is obesity and trait 
T' is indicative of obesity (trait T). However, the present invention is not limited to the 
obesity trait. Many other traits T can be studied using the techniques disclosed in this 

15 section. Such traits T include, but are not limited to asthma, ataxia telangiectasia, bipolar 
disorder, cancer, common late-onset Alzheimer's disease, diabetes, heart disease, 
hereditary early-onset Alzheimer's disease, hereditary nonpolyposis colon cancer, 
hypertension, infection, maturity-onset diabetes of the young, mellitus, migraine, 
nonalcoholic fatty liver, nonalcoholic steatohepatitis, non-insulin-dependent diabetes 

20 mellitus, obesity, polycystic kidney disease, psoriases, schizophrenia, or xeroderma 

pigmentosum. Those of skill in the art will recognize the traits T' that are indicative of 
such traits T. 



5.19.1. IDENTIFYING QTL AND GENES IN A FIRST SPECIES THAT ARE 
25 LINKED TO A TRAIT OF INTEREST 

In one embodiment in accordance with this aspect of the invention, a first QTL or 

a first gene in a first species is found by identifying two inbred strains of the first species 

that exhibit polymorphic behavior with respect to a trait T'. In one example, the trait T is 

obesity in the second species (human) and trait T' is percent body fat in inbred strains of 

mice (first species). In the example, inbred strains of mice that vary significantly with 

respect to trait T' are crossed to obtain an F2, back-cross or other such segregating 

population. Other types of inbred populations are possible, including, but not limited to, 

backcrosses, F 2 intercrosses, F, populations (formed by randomly mating Fis for M 

generations), F 2:3 design (F 2 individuals are genotyped and then selfed), Design m (F 2 
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from two inbrWnes are backcrossed to both parental linlr The goal at this stage is to 
generate a population where trait T' (percent body fat) is segregating. This process is 
depicted graphically in Fig. 55 for EZE responsiveness. More than one trait T' can be 
studied at the same time. In one example, trait T is obesity in human and the traits T' are 
5 high density lipoprotein (HDL) level, low density lipoprotein level LDL and very low 
density lipoprotein (VLDL) level, free fatty acid level, fat pad masses at several depots, 
and BMI in mice. BMI is defined in Section 2.3, above. In such cases, traits T' in mice 
(HDL level, etc.) are indicative of the trait T in human (obesity). Those of skill in the art 
will appreciate that there are a large number of cases where traits T' in one species are 
indicative of a trait T in another species, and all such cases are within the scope of the 
present invention. 

Once a segregating population of the first species has been obtained, it is 
genotyped based upon, for example, a marker map 78 (Fig. 1). For details on marker 
maps 78 see Section 5.2, above. In addition, the segregating population may be scored 
with respect to phenotypes associated with the trait of interest. Further, tissues relevant to 
the trait T are isolated for expression profiling. The trait data 70, expression data 44 and . 
genotype data 68 (Fig. 2) are then analyzed using methods such as those described in 
Section 5.1 and depicted in Fig. 2 in order to identify genes:and patterns of expression 
associated with the traits of interest. This process is depicted in Fig. 56. 

One use of expression data 44 is to refine the definition of the trait T' (e.g., to 
refine the definition of percent body fat in mice). In essence, this refinement of the trait 
T' equates to identifying those subgroups within the whole population that are 
homogenous with respect to trait T'. Fig. 57 depicts the general case where the 
population under study is homogenous with respect to T'. Circle 5700 comprises 
different shapes to represent different trait subtypes represented in the population. The 
different subtypes may be phenotypically similar (e.g., all obese), but they can be 
stratified based on differences in the underlying mechanisms that lead to the phenotype of 
interest (T'). 

There are many different ways to identify subtypes within a population using 
expression data 44. In other words, there are many different ways to stratify a population 
into different subpopulations in order to refine the definition of trait T'. Each 
subpopulation has a more refined definition of trait T'. To illustrate, consider the case in 
which a population exhibits trait T'. In this illustration, cellular constituent expression 
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data for each d^Rism in the population is used as a discrSKttor to break the population 
down into two or more subpopulations. The first subpopulation exhibits trait T r , the 
second subpopulation exhibits trait T r , and so forth. All the subpopulations exhibit trait 
T', but now the trait has been refined into trait T r , T r , etc. based on the expression data. 

5 One way to stratify a population in order to better characterize (or 

subcharacterize) trait T' is depicted in Figs. 57 and 58. First, those individuals in the 
subpopulation that are most extreme with respect to trait T' (subpopulations 5702 and 
5704) are identified. For example, when trait T' is fat pad mass, the mice with highest fat 
pad mass and lowest fat pad mass in the population are selected as depicted in Fig. 57. 

10 The idea here is to enrich for patterns associated with the different subtypes of trait T' by 
focusing on the phenotypic extremes of trait T'. In one embodiment of the present 
invention, a phenotypic extreme is defined as the top or lowest 40* 30 th , 20 th , or 10 th 
percentile of the population with respect to a given trait T' exhibited by the population. 
Once the phenotypic extremes have been identified, clustering approaches and pattern 

1 5 recognition techniques described in Section 5. 1 and Fig. 2 can be used to identify patterns 
of expression that appear to define different subgroups (T r , T r > etc.) within the extremes 
that, when considered together, appear to discriminate between the extreme phenotypes. 

In one example, the upper and lower 25 th percentiles of a segregating F2 
population of mice with respect to fat pad mass were examined. The F2 intercross was 

20 constructed from C57BL/6J and DBA/2J strains of mice. Mice were on a rodent chow 
diet up to 12 months of age, and then switched to a atherogenic high-fat, high-cholesterol 
diet for another four months. Parental and F2 mice were sacrificed at 16 months of age. 
At death the livers were immediately removed, flash-frozen in liquid nitrogen and stored 
at -80 C. Total cellular RNA was purified from 25 mg portions using an Rneasy Mini kit 

25 according to the manufacturer's instructions (Qiagen, Valencia, CA). Further details on 
this cross are found in Section 6.4, below. 

Fig. 59 depicts a two-dimensional cluster of the most differentially expressed set 
of genes in mice comprising the upper and lower 25 th percentiles of the subcutaneous fat 
pad mass (FPM) trait in the segregating F2 population. In Fig. 59, the y-axis represents 
30 the 280 genes in mice that are most differentially expressed in extreme subpopulations of 
the mouse population and the x-axis represents the mouse population itself. This set of 
genes (the FPM set) can be considered as the most transcriptionally active set of genes for 
mice falling the in tails of the FPM trait (T) distribution. The selection of this gene set 
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for clustering^R not biased by selecting genes based on^^L linkage information, their - 
ability to discriminate between the FPM trait extremes, nor on their correlation to genes 
identified by eQTL and/or trait-discrimination properties. Despite this, when clustering 
on this set of genes over the F2 population, the mice cluster almost perfectly into high 
5 FPM and low FMP groups as shown in Fig. 59. In addition, there appear to be two 
distinct expression patterns for mice in the high FPM group (high FPM group 1; high 
FPM group 2), indicating some degree of heterogeneity in the high FPM mice. This 
example shows how a gene set can be used to cluster a population exhibiting a trait T" 
into subpopulations, where each subpopulation exhibits a different trait IV that is defined 
10 by a characteristic expression pattern of the gene set. 

The patterns realized in Fig. 59 serve to define subcategories of the obesity trait, 
FPM. In fact, these patterns refine the definition of FPM into subcategories (T v , T 2 ; etc.) 
for the trait in a way that would not be possible without the expression data. There are 
clearly two distinct expression patterns associated with high FPM mice depicted in Fig. 
1 5 59 over the gene set. This heterogeneity of expression patterns associated with the 
clinical trait T f almost certainly points to heterogeneity in the complex disease itself. 

For the FPM trait, a genome-wide scan revealed 4 cQTL with lod scores greater - 
than 2.0. Taken together, these cQTL explained slightly less than 50% of the variation in 
the FPM trait values. To further elucidate this clinical trait T', the 1 1 1 F2 animals for 
20 which clinical and gene expression data existed were classified into one of the three 

groups depicted in Fig. 59 (i.e., high FPM Group 1, high FPM group 2, low FPM group). ' 

Subsequently, separate genetic analysis were performed. Figs. 60 and 61 
respectively depict these analysis for chromosome 2 and chromosome 19 of the mouse 
genome. Experimental details for this QTL analysis are provided in Section 6.4, below. 

25 For each chromosome (2 and 19) three separate analyses were run. The first analysis 
used the entire set of 1 1 1 F2 animals (curve 6002).' The second set used the set of F2 
animals that comprise the high FPM group 1 and low FPM animals (curve 6006). The 
third analysis used the set of F2 animals that comprise the high FPM group 2 and low 
FPM animals (curve 6004). Fig. 60 shows that high FPM group 1 is not under the control 

30 of the chromosome 2 QTL, but that high FPM group 2 is under the control of the 

chromosome 2 QTL. Fig. 61 shows that the high fat animal group is not under the control 
of the chromosome 2 locus (high FPM group 1), is under the control of a chromosome 19 
locus, while high FPM group 2 is not. These results indicate that chromosome 2 and 19 
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QTL each sign^Rntly affect only a subset of the F2 populSn, a form of heterogeneity 
that speaks directly to the complexity underlying traits such as obesity. The chromosome 
19 QTL explains 19% of the variation in the FPM trait for the high FPM group 1 / low 
FPM subset, but would have been completely missed if the expression data had not been 
5 used to define subphenotypes. 

The significance of the QTL with the highest lod scores depicted in Figs. 60 and 
61 were assessed by repeatedly sampling (10,000 times) from the full set of F2 animals so 
that groups equal in size to the high FPM group 1 / low FPM and high FPM group 2/ low 
FPM groups were obtained for each iteration. None of the 10,000 samplings achieved 
1 0 QTL matching the significances of those given in Figs. 60 and 6 1 . 

To summarize, one embodiment in accordance with the present invention 
identifies a first QTL or a first gene in a first species that is linked to a trait T' by crossing 
a first strain and a second strain of the first species in order to obtain a segregating 
population. Next, the population is stratified into a plurality of subpopulations. At least 
1 5 one subpopulation in the plurality of subpopulations represents a phenotypic extreme of 
trait T'. 

Cellular constituent measurements from organisms in the plurality of 
subpopulations is used to identify a cellular constituent set that exhibits a cellular 
constituent measurement pattern associated with the phenotypic extreme. Then the 

20 segregating population is clustered based on measurements of the cellular constituent set 
in organisms in the segregating population to obtain a plurality of population clusters 
(e.g., the high FPM group 1, high FPM group 2, and low FPM group of Fig. 59). 
Quantitative genetic analysis is performed on these population clusters in order to find a 
first QTL or a first gene that is linked to trait T'. In some embodiments, the quantitative 

25 genetic analysis is performed using a method that uses one or more techniques selected 
from the group consisting of linkage analysis (Section 5.13), quantitative genetic analysis 
that uses a plurality of cellular constituent measurements as a phenotypic trait (Section 
5.1), and association analysis (Section 5.14). In some embodiments, this linkage arises 
when the first QTL has a lod score greater than 2.0, 2.5, 3.0, 3.5, 4.0, 4.5, 5.0, or 8.0. In 

30 some embodiments, the. cellular constituent measurements are transcriptional state 

measurements or translational state measurements. In some embodiments, the cellular 
constituent measurements are translational state measurements that are performed using 
an antibody array or two-dimensional gel electrophoresis. In some embodiments, the 
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cellular consti^p set comprises a plurality of metaboliteHl the plurality of cellular 
constituent measurements are derived by a cellular phenotypic technique (e.g., a 
metabolomic technique in which a plurality of levels of metabolites in one or more 
organisms in the segregating population is measured). In some embodiments, the 
5 metabolites comprise an amino acid, a metal, a soluble sugar, or a complex carbohydrate. 
In some embodiments, the cellular constituent measurements comprise gene expression 
levels, abundance of mRNA, protein expression levels, or metabolite levels. 

In another embodiment in accordance with the present invention a first QTL or a 
first gene in a first species that is linked to a trait T' is found by crossing a first strain and 
10 a second strain of the first species in order to obtain a segregating population. Next, the 
segregating population is divided into a plurality of subpopulations using a classification 
scheme that classifies each organism in the segregating population into at least one of the 
subpopulations. The subpopulations may or may not represent phenotypic extremes. The 
classification scheme uses cellular constituent measurements of a plurality of cellular 
15 constituents from each organism in the segregating population. Various classification 
schemes that may be used to perform this step are found in copending United States 
Patent Application No. 60/382,036 filed May 20, 2002 entitled "Computer systems and 
methods for subdividing a complex disease into component diseases" which is hereby 
incorporated by reference in its entirety For at least one subpopulation in the plurality of 
20 subpopulations, quantitative genetic analysis on the subpopulation is performed in order 
to find the first QTL or the first gene. In some embodiments, the cellular constituent 
measurements are transcriptional state measurements or translational state measurements. 
In some embodiments, the cellular constituent measurements are translational state 
measurements that are performed using an antibody array or two-dimensional gel 
25 electrophoresis. In some embodiments, the plurality of cellular constituent measurements 
comprise a plurality of metabolites and the plurality of cellular constituent measurements 
are derived by a cellular phenotypic technique such as a metabolomic technique in which 
a plurality of levels of metabolites in each of the organisms is measured. Representative 
metabolites comprise amino acids, metals, soluble sugars, and complex carbohydrates. In 
30 some embodiments, the cellular constituent comprises gene expression levels, abundance 
of mRNA, protein expression levels, or metabolite levels. In some embodiments, the 
quantitative genetic analysis is performed using a method that uses one or more 
techniques selected from the group consisting of linkage analysis (Section 5.13), 



223 



i 



WO 2004/061616 PCT/US2003/041613 

quantitative g^Pc analysis that uses a plurality of cellulMPnstituent measurements as a 
phenotypic trait (Section 5.1), and association analysis (Section 5.14). 

The experiments summarized by Figs. 59 through 61 focus on the use of mouse 
crosses to elucidate complex traits. However, the present invention provides alternative 
5 methods for elucidating complex traits. For instance, instead of scoring phenotypes and 
expression profiling F2 animals, a set of congenic mice that span the entire genome could 
be profiled. Fig. 62 gives an example of a congenic strain. The congenic strain is 
constructed from two inbred strains, B6 and CAST, where B6 serves as the background 
strain and CAST serves as the donor strain. The construction of the congenics results in a 

10 segment of one chromosome from the donor strain (CAST in Fig. 62) becoming 

intergrossed onto the genome of the background strain (B6 in Fig. 62). For example, in 
Fig. 62, region 6202 of chromosome 6 from CAST becomes intergrossed with 
chromosome 6 of B6, yielding congenic strain B6.CAST Chr.6. Whole sets of such 
congenics can be constructed such that each strain in the set covers a part of some 

15 chromosome, with the set taken as a whole covering the entire genome of the donor 
strain. .. 

The advantage of the congenic sets is that they can be used to screen all mice 
making up the set for the trait of interest and to identify those strains that exhibit the trait 
of interest, compared to the background strain. For instance, in studying obesity, the 
20 congenic sets can be used to identify those congenic strains that are significantly heavier 
than the background strain. Once such strains are identified, a large amount of work 
identifying the genes underlying the trait of interest has already been accomplished 
because the causal gene will reside in the congenic region. 

Congenics are also useful once QTL have been identified in an F2 population '* 
25 constructed from the same inbred strains making up the congenic set. For instance, once 
a QTL is identified for the trait of interest, the strain whose congenic region covers the 
QTL region can be identified and studied with respect to the same phenotype. Further, 
more complicated genetic models can be constructed using die congenics, based on QTL 
results from, for example, an F2 cross. For example, suppose from the F2 cross, two 
30 QTL that were strongly interacting are identified. The congenic strains covering the two 
QTL regions could be identified and bred to construct a new congenic strain that had two 
congenic regions, each covering one of the QTL of interest. These mice could then be 
studied with respect to the phenotype of interest. The advantage to this sort of 
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construction is^R the congenic strains are stable and can^TConstantly bred to generate 
progeny that are genetically identical (unlike the F2 populations, where there is no hope 
of recovering the same genetic background). 

Congenics are useful in studying traits first studied in an F2 population. The trait 
> itself may vary considerably over the F2 population, but once QTL are identified in the 
F2 that lead to a particular trait value (e.g., low fat), the congenic corresponding to the 
QTL can be identified and scored for the same trait. Li many cases, the congenic will 
exhibit the same trait values as those F2 mice under the control of the associated QTL. 

Various techniques have been disclosed for identifying QTL and/or genes in a first 
species that are linked to one or more traits T'. Additional techniques for identifying such 
QTL and/or genes are found in copending United States Patent Applications 60/382,036, 
filed May 20, 2002, entitled "Computer systems and methods for subdividing a complex 
disease into component diseases", 60/381,437, filed May 16, 2002, entitled "Computer 
system and method for identifying genes and deterrnining pathways associated with 
15 traits"; and 60/400,522, filed August 2, 2002, entitled "Computer systems and methods 
that use clinical and expression quantitative trait loci to associate genes with traits" which 
are hereby incorporated by reference in their entireties. 



10 



5.19.2. IDENTIFYING REGIONS OF THE GENOME OF A SECOND SPECIES 
20 THAT ARE LINKED TO A TRAIT OF INTEREST 

In the present invention, once the genes and/or QTL in a first species that are 
linked to trait T' {e.g., the mouse models described in Section 5.19.1) have been 
identified, those QTL and genes of interest are mapped to the genome of a second species 

25 (e.g. , humans). In one embodiment, this mapping happens through the construction of 
syntenic maps between the first species and the second species (e.g., between mouse and 
human). The syntenic map is constructed by mapping conserved regions between the two 
species such as EST, mRNA, conserved STS markers, conserved regulatory regions, etc. 
Traits T in populations of the second species that are similar to traits T' studied in 

30 the first species are identified. Further, regions in the genome of the second species that 
are associated with the identified traits T are determined. Fig. 63 shows an example in 
which the first species is human and the second species is mouse. In Fig. 63, two 
hypothetical QTL (6302 and 6304) that are linked to a human obesity-related risk trait are 
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on a portion oi^Rian chromosome 8. The human genomll^ion that includes 
hypothetical QTL 6302 and 6304 is mapped to the mouse genome using a syntenic map 
between mouse and human. It will be appreciated that genes are not mapped at this point. 
Rather, whole regions are mapped. In some embodiments, the region that is mapped is a 
5 portion of a chromosome, a region that is less than 100 centiMorgans, less than 10 

centiMorgans, or less than 5 centiMorgans. Using syntenic mapping, it is determined that 
hypothetical QTL 6302 and 6304 map to a portion of mouse chromosome 13. 

Next, the QTL data from the first species is combined with that from the second 
species. For example, Fig. 64 lists four lod score curves for obesity-related traits in 

1 0 mouse (HDL levels, leptin levels, insulin levels and fat pad masses). The QTL for all of 
these mouse traits are overlapping. However, in Fig. 65 in which hypothetical human 
QTL 6302 and 6304 (Fig. 63) and the mouse QTL given in Fig. 64 are overlayed, the 
peaks of human hypothetical QTL (6302 and 6304) are aligned with the peaks of two of 
the mouse QTL depicted in Fig. 63. Thus Fig. 65 describes a relationship in which two 

1 5 fairly closely linked QTL in humans for an obesity related trait overlap with two closely 
linked QTL in mice for obesity-related phenotypes. Further, as depicted in Fig. 66, this 
chromosome 13 region in mouse is a hotspot activity for eQTL linkage as well, with 
hundreds of eQTL linking to one of the two peaks, but usually not both. This data 
supports the notion that there are actually two genes here underlying the mouse and 

20 human QTL. 

In some embodiments, traits T are identified in the second species using any of 
the techniques described in Section 5.19.1, above or in copending United States Patent 
Applications 60/382,036, filed May 20, 2002, entitled "Computer systems and methods 
for subdividing a complex disease into component diseases", 60/381,437, filed May 16, 

25 2002, entitled "Computer system and method for identifying genes and detennining 
pathways associated with traits"; and 60/400,522, filed August 2, 2002, entitled 
"Computer systems and methods that use clinical and expression quantitative trait loci to 
associate genes with traits" which are hereby incorporated by reference in their entireties. 
However, in a typical embodiment, the second species is human. As such, QTL or gene 

30 identification techniques that make use of congenic strains or planned crosses cannot be 
used. Therefore, in some embodiments, association analysis techniques such as those 
described in Section 5.14, above, are used. 
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The inf^Rition revealed using the techniques descWRi in this section is 
extremely valuable in deciding what regions to pursue in the second species (e.g., 
humans). The overlaps can be used to refine the interval that will be fine-mapped in 
humans to identify the underlying gene. This results in narrowing the region that must be 
5 pursued, thereby decreasing the amount of time needed to map an interval. Further, 
methods described in this application can be used to directly identify genes in mice in 
QTL intervals of interest, and directly validate those using association methods in human 
populations (Fig. 67). This is a process that can short-circuit the fine mapping approach 
and accelerate the process of identifying genes for complex human diseases. 

10 

5.19.3. IDENTIFYING QTL AND GENES IN A FIRST SPECIES USING 

CAUSALITY 

The starting point for the traditional forward genetics approach to dissecting 
complex traits, including common human diseases, is identification of QTL controlling 
15 for a disease trait of interest. For more information on complex traits, see Section 5.15. 

Genome-wide scam are performed to identify markers spaced along the length of the 
genome that are correlated with the disease trait under study. The end result of such a 
. screen is a number of cQTL identified for the disease trait. This is graphically depicted in 
.. Fig. 74. In particular, Fig. 74 illustrates a hypothetical disease-specific genetic network 

20 for disease traits and related co-morbidities. The quantitative trait loci (£„) and 

environmental effects (EJ (panel 7402) represent the most upstream drivers of the disease 
traits in a given population. In other words, a quantitative disease trait in a segregating 
population can be described as being made up of genetic and environmental components, 
with or without interactions among the genetic components and/or between the genetic 

25 and environmental components. As depicted in Fig. 74, the QTL and environmental 
effects (7402) influence other "causative" mRNAs (Cr*) (panel 204) singly or in 
pathways that can interact in complicated ways (most generally, as a genetic network), 
but that ultimately lead to the disease state (primary clinical traits). A genetic network 
can be represented as an acyclic directed graph having nodes and edges, where the nodes 

30 represent genes and each respective edge represents confidence that the two nodes, 

connected by the respective edge, are related as detemiined by an analysis of genotypic 
and gene expression data using the methods of the present invention. Variations in the 
causal mRNAs or in the primary clinical traits can in turn affect reactive mRNAs (RnO 
(panel 7406) in other pathways that in turn lead to co-morbidities of the disease trait, or 
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they can provi^P>sitive/negative feedback control to theSRal pathways. Instead of 
restricting the search for disease-causing genes to the QTL regions associated with the 
complex trait, the classic approach in mouse and human genetics, the present invention 
broadens the search to any of the cellular constituents that operate in the causal portion of 
5 the genetic network associated with the disease trait (circles 7404). Identifying cellular 
constituents in pathways that are under the control of the same QTL that are controlling 
for the disease trait, where the cellular constituents can be shown to act as transmitters of 
information from these multiple QTL to the disease trait itself (as opposed to acting as 
responders to the disease trait), potentially represent key intervention points that can be 
1 0 targeted to modulate the disease trait. 

In the absence of cellular constituent abundance data or other molecular 
phenotyping data on the population under study, the biological/biochemical processes that 
take place that ultimately lead to the disease state, starting from the most upstream 
genetic components of the disease detected as QTL, are completely hidden from view. 
15 Therefore, as depicted in Fig. 74, those pathways (cellular constituents 7404) that are 
impacted by the DNA variations underlying the QTL and that ultimately lead to the 
disease state (causal), in addition to those pathways that are impacted as a result of the 
system being in the disease state (reactive cellular constituents 7406), are not available for 
study. 

20 The generation of large-scale gene expression data on the relevant populations can 

significantly expose the many pathways and complicated interactions among cellular 
constituents associated with disease, as detailed by Schadt et al, 2003, Nature 422, 297. 
The complex networks of interactions that are causal for the disease (7404), as well as 
those that are reactive to it (7406), make, up the patterns of expression that are associated 

25 with a disease trait. Several examples of this have been provided in the recent literature. 
See, for example, Schadt et al, 2003, Nature 422, 297, van de Vijver et al, 2002, N. 
Engl. J. Med 347; van't Veer et al, 2002, Nature 415, 530. 

Gene expression traits and disease traits can be modulated by the same QTL. 
Therefore, performing genome-wide scans to map eQTL for the gene expression traits 

30 allows one to assess the amount of correlation between the gene expression and disease 
traits that is due to common genetic effects. The QTL provide, anchors in the complex 
network of interactions that lead to disease, and it is this causal information that provides 
for the opportunity to identify cellular constituents 7404 that transmit "information" from 
single or multiple disease QTL, to the disease trait itself. Because the QTL can modulate 
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the disease trail 



>ugh intermediates, identifying the int< 



combination of genetics and gene expression data (or other cellular constituent abundance 
data) has the potential to elucidate key control points in the complex network associated 
with the disease. 



for therapeutic intervention in complex human diseases, it is advantageous to partition 
cellular constituents (e.g., genes) making up the patterns of expression associated with the 
disease trait and that are modulated by QTL overlapping the disease trait QTL, into two 
groups: 1) cellular constituents under the control of the disease QTL that fall between the 

10 causal and reactive boundaries depicted in Fig. 74 (cellular constituents 7404), and 2) 
cellular constituents that appear to be reactive to the disease state (cellular constituents 
7406). Once cellular constituents have been partitioned into causal set 7404 and reactive 
set 7406, attention can shift to those cellular constituents h* causative set 7404 to identify 
key targets for the disease. 

1 5 Approaching the dissection of complicated genetic networks associated with 

disease from this partitioning standpoint greatly simplifies the more general problem of 
reconstructing whole genetic networks. The reconstruction of genetic networks has been 
vigorously pursued in many settings and has met with some success in microbial 
organisms. See, for example, Marcotte, 1999, Science 285, 751; and Lee et al 9 2002, 

20 Science 298, p. 799. The genetic network reconstruction problem is not yet tractable for 
mammalian systems, mainly due to the complexity and extent of data that would be 
required to undertake such a reconstruction. See, for example, van Someren et al., 2002, 
Pharmacogenomics 3, 507. Reducing the genetic network problem to one of partitioning 
sets of cellular constituents should make: the problem tractable and directly relevant to the 

25 identification of targets for complex human diseases. 

The partitioning approach requires that a basic set of causal scenarios be tested to 
determine whether a cellular constituent under the control of disease QTL is causal for the 
disease or reactive to it. For each cellular constituent under consideration, first a 
determination is made as to whether changes in the abundance (e.g., expression) of the 

30 cellular constituent are associated with QTL that explain variations in the disease trait. 
Then a determination is made as to whether the QTL act on the disease trait through the 
gene. 

Fig. 75 A presents the possible relationships between QTL, cellular constituents 
and disease traits once the abundance of a cellular constituent (e.g., gene G) and the 
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Since one of the primary aims of the target discovery process is to identify targets 
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ion QTL (Q). Pathway 
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25 



7502 represents the simplest causal relationship of a single QTL, Q, for the quantitative 
trait T, where Q acts on T through cellular constituent G. Pathway 7504 represents the 
simplest reactive diagram for a single QTL, Q, for the quantitative trait T, where in this 
case the abundance of cellular constituent G is responding to T. In pathway 306, the 
QTL, Q, is causative for the trait T and the abundance of cellular constituent G, but acts 
on these traits independently. Pathway 7508 represents a more complicated causal 
diagram where QTL Q affects the abundance of cellular constituents, and these cellular 
constituents, in turn, act on the trait T. Pathway 7510 represents the ideal causal diagram 
for target identification, where a number of QTL explain a significant amount of the 
variation in the trait T, but all of these QTL act on T through a single cellular constituent 
G. 

To illustrate how partitioning genes into causal and reactive classes can be 
accomplished given gene expression data from a segregating population, consider a 
hypothetical mouse population in which half of the mice have the AA genotype and the 
other half have the BB genotype at a given locus! As depicted in Fig. 75B, all mice with 
the BB genotype are obese, while 87.5% of the mice with the AA genotype are lean and 
the other 12.5% are obese. Further, 87.5% of the BB mice have higher transcript levels of 
a specific gene, while the other 12.5% have unchanged levels, and similarly, 87.5% of the 
AA mice have lower transcript levels of the same gene, while the other 12.5% have 
unchanged levels. If the clinical and expression trait were uncorrelated with the genotype 
at locus L (e.g., not significantly linked to this locus), it is expected that an equal 
percentage for each of the expression/clinical trait combinations for each genotype at 
locus L. Since this is clearly not true in Fig. 75B, the expression and clinical traits are 
significantly linked to locus L. 

To determine in this case if the mRNA is a cause or consequence of the clinical 
state, the data are fit to the three competing models. Fig. 75C highlights the Causative 
model, where the correlation between genotype and clinical trait predicted from the 
model is seen to be consistent with the observed correlation. In one embodiment 
described below, this scenario will translate into a situation where the correlation between 
the clinical trait and genotype, given the gene expression state, is seen to be 0. Because 
the clinical trait and genotype are uncorrelated once we condition on transcript 
abundances, we can tentatively conclude the mRNA is causal for the clinical trait. Fig. 
75D highlights the Reactive model, where the observed correlation between the gene 
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expression tau^P genotype is 0.88, but now the correlatiwWetween the gene 
expression trait and genotype given any of the clinical trait values is not equal to 0, e.g., 
the correlation between the expression trait and genotype predicted from the model does 
not equal the observed correlation. Because the expression trait and genotypes are still 
5 significantly correlated after conditioning on the chnical trait values, it is possible to 
confirm that the mRNA levels are not responding to the clinical trait. Finally, Fig. 75E 
highlights the Independent model, where again the correlation between the gene 
expression and clinical traits predicted from the model is not consistent with the observed 
correlation. Therefore, given the results of the fits to these three models, the data for this 

1 0 hypothetical example indicate that the Causative model is the most parsimonious and thus 
is the best explanation of the underlying biology. It is concluded that the AA/BB locus 
controls variation in the mRNA levels and that this mRNA, in turn, controls variation in 
. the clinical trait, rather than the mRNA levels changing as a consequence of the obesity. 
By applying a statistically rigorous version of this causality testing to the whole genome 

1 5 (described below), the genes controlling variation in mRNA levels that in turn control 
clinical traits can be identified. In another embodiment, likelihoods are created for each 
of the possible models (independent, causative, and reactive) based on relationships 
depicted in each model and then maximized with respect to model parameters. In this 
other embodiment, the causative model gives rise to the largest likelihood. 

20 The models in Fig. 75 A are the ideal, simplest cases. In reality there will -usually 

be a number of loci and mRNAs that cause disease, related by a complex network of 
interactions, as depicted in Fig. 74. In the approach detailed below, this complexity in a 
segregating population can be harnessed to identify specific genes that transmit 
information from the disease trait QTL to the clinical disease .trait itself. Specially, a 

25 disease trait QTL will modulate the disease trait through intermediates. Identifying the 
intermediates using the combination of genetics and gene expression data has the 
potential to elucidate key control points in the complex network associated with the 
disease. 

Figs. 79A and 79B illustrate the processing steps that are performed in accordance 
3 0 with one embodiment of the present invention. These figures will be referenced in this 
section in order to disclose the advantages and features of the present invention. 

Step 7902. The present invention begins with the step of obtaining genotype data 
68. Genotype data 68 comprises the actual alleles for each genetic marker typed in each 
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individual in a^^ality of individuals under study. In sorSRibodiments, the plurality 
of individuals under study is human. Genotype data 68 includes marker data at intervals 
across the genome under study or in gene regions of interest. In some embodiments, such 
data is used to monitor segregation or detect associations in a population of interest. 
5 Marker data comprises those markers that will be used in the population under study to 
assess genotypes. In one embodiment, marker data comprises the names of the markers, 
the type of markers, and the physical and genetic location of the markers in the genomic 
sequence. Exemplary types of markers include, but are not limited to, restriction 
fragment length polymorphisms "RFLPs", random amplified polymorphic DNA 

10 "RAPDs", amplified fragment length polymorphisms "AFLPs", simple sequence repeats 
"SSRs", single nucleotide polymorphisms "SNPs", microsatellites, etc.). Further, in some 
embodiments, marker data comprises the different alleles associated with each marker. 
For example, a particular nficrosatelhtemarker consisting of 'CA' repeats can represent 
ten different alleles in the population under study, with each of the ten different alleles, in 

15 turn, consisting of some number of repeats. Representative marker data in accordance 
with one embodiment of the present invention is found in Section 5.2. In one 
embodiment of the present invention, the genetic markers used comprise single nucleotide, 
polymorphisms (SNPs), microsatellite markers, restriction fragment length 
polymorphisms, short tandem repeats, DNA methylation markers, sequence length 

20 polymorphisms, random amplified polymorphic DNA amplified fragment length 
polymorphisms, or simple sequence repeats. 

hi some embodiments, step 7902 uses pedigree data. Pedigree data comprises the 
relationships between individuals in the population under study. The extent of the 
relationships between the individuals under study can be as simple as an inbred F 2 
25 population, an F, population, an F 2:3 population, a Design m population, or as complicated 
as extended human family pedigrees. Exemplary sources of genotype and pedigree data 
are described in Section 5.2. 

In some embodiments, a genetic map is generated from genotype data and 
pedigree data. Such a genetic map includes the genetic distance between each of the 
30 markers present in the genotype data. These genetic distances are computed using 

pedigree data. In some embodiments, the plurality of organisms under study represents a 
segregating population and pedigree data is used to construct the marker map. As such, 
in one embodiment of the present invention, genotype probability distributions for the 
individuals under study are computed. Genotype probability distributions take into 
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account infornflHRi such as marker information of parents^Hown genetic distances 
between markers, and estimated genetic distances between the markers. Computation of 
genotype probability distributions generally require pedigree data. In some embodiments 
of the present invention, pedigree data is not provided and genotype probability 
5 distributions are not computed. In some embodiments, a genetic map is not computed. 



Using populations derived from multiple founders 

In some embodiments, the population that is used for the methods illustrated in 
Fig. 79 is a population that is derived from a select set of strains (e.g., a small, but diverse 

1 0 number of founding mice) or individuals {e.g. , the Icelandic population, which was 
. founded by a small number of individuals). Ih some embodiments, between 2 and 100, 
between 5 and 500, more than five, or less than 1000 strains, of a species diverse with 
respect to complex phenotypes associated with common human disease are chosen. In 
some embodiments, the species is mice, In some (embodiments, between 2 and 10 {e.g., 

15 6) strains of mice that are diverse with respect to complex phenotypes associated with 
common human disease are selected. Representative common human diseases include, 
but are not limited to, obesity, diabetes, atherosclerosis and associated morbidities, 
metabolic syndrome, depression / anxiety, osteoporosis, bone development, asthma, and 
chronic obstructive pulmonary disease. The actual number of founding strains is not as 

20 important a factor as ensuring that these "founders" are diverse so as to introduce 
extensive heterogeneity into the population. In one representative embodiment, the 
species under study is mice and all or a portion of the following strains are used: 
B6JDBA GTMs (Jake Lusis, University of California, Los Angeles), B6_CAST GTMs 
(Jake Lusis, University of California, Los Angeles), B6JDBA Consomics (Joe Nadaeu, 

25 Case Western Reserve University), AXB recombinant inbred (RI) lines (JAX, Bar Harbor 
Maine), BXA RI lines (JAX), LXS RI lines (Rob Williams, University of Tennessee), 
AKXD RI lines (JAX), 8-way cross mice (Rob Hitzmann, Oregon Health and Science 
University), D129Sl/SvImJ (JAX), A/J (JAX), C57BL/6J (JAX), BALB/cJ (JAX), 
C3H/HeJ (JAX), CAST/Ei (JAX), DBA/2J (JAX), NOD/LtJ (JAX), NZB/B1NJ (JAX), 

30 SJL/J (JAX), AKR/J (JAX), CBA/J (JAX), FVB/NJ (JAX), and S WR/J (JAX). 

In preferred embodiments, the species that is selected for study using the methods 
illustrated in Fig 79 can be crossed. In such preferred embodiments, crosses {e.g. F 2 
intercross) between all pairs of the founding strains are performed. For example, in one 
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embodiment, ^Biunding strains are used so a total of 15 HRes are performed. In some 
embodiments, rather that performing an F 2 intercross, other cross designs are used. For 
example, in some embodiments, a backcross or F 2 random mating scheme is employed. 
In preferred embodiments each of the crosses (for example the 15 crosses using the 6 
5 founder strains) is treated as a single large pedigree. In some embodiments, the final 
population size that is studied has a size of more than 1,000 organisms, between 100 and 
100,000 organisms, less than 500,000 organisms, or, more preferably, between 5,000 and 
25,000 organisms. This population is treated as a single large pedigree and genotype 
information is collected from this population using a standard set of, for example, more 
1 0 than 500 markers. 

The advantage of the different crosses and large numbers is that it introduces a 
significant amount of trait heterogeneity into the population, which allows for more 
connections between more pathways relating directly to the diseases of interest, and with 
such large numbers, it will be possible to detect first and second order interactions. 

1 5 Further, with such large numbers of organisms 46 (Fig. 1) over different strains, there will 
be enough recombination to solve problems regarding describing genetic correlation 
(genetic correlation is a function of linkage disequilibrium arid pleiotropy, and in single 
small crosses, these components are confounded). Further, as illustrated below, detection 
of epistatic interactions and minimization of the effects of linkage disequilibrium oh 

20 genetic correlation would allow for the reconstruction of pathways more reliably. 

Step 7904. In step 7904, the population under study is phenotyped with respect to 
a trait or traits of interest using quantitative trait loci (QTL) analysis in which a 
phenotypic statistic set, representing the trait of interest, is used as the quantitative trait in 
the QTL analysis thereby identifying one or more clinical quantitative trait locus (cQTL) 
25 that link to the trait. In processing step 7904, a cQTL that is linked to a trait of interest is 
identified using QTL analysis. 

In some embodiments, a phenotypic statistic set (plurality of phenotypic values) 
for the trait of interest serves as the clinical trait used in the QTL analysis. Fig. 80 
illustrates exemplary phenotypic statistic sets. In Fig. 80, each phenotypic statistic set 
30 8000 includes a phenotypic value 8004 for a given phenotype for a each organism in a 
plurality of organisms under study. As used herein, a phenotypic value is any form of 
measurement of a phenotypic trait associated with the trait of interest {e.g., complex 
disease). For example, if the trait of interest is obesity, a suitable phenotypic trait could 
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include choles«Tlevel in the blood of the organism. In sUPan example, the 
phenotypic value can be milligrams of cholesterol per liter of blood. 

In one embodiment, processing step 7904 comprises a classical form of QTL 
analysis in which a phenotypic trait is quantified to form a phenotypic statistic set. In 
5 some embodiments, processing step 7904 employs a whole genome search of genetic 
markers using the genotypic data from step 7902. For each genotypic position in the 
genome of the population that is analyzed, processing step 7904 provides a statistical 
measure {e.g., statistical score), such as the maximum lod score between the genomic 
position and the phenotypic statistic set. Thus, processing step 7904 yields all the 

1 0 positions in the genome of the organism of interest that are linked to the expression 

statistic set tested. Such embodiments of processing step were described by Lander and 
Botstein in Genetics 121, 174-179 (1989). They are also described in International 
Application WO 90/0465 1, International Application WO 99/13107, Lander and Schork, 
Science 265, 2037-2048 (1994), and Doerge, Nature Reviews Genetics 3, 43-62, (2002). 

15 In other embodiments of processing step 7904, association analysis, as described, for 
example, in Section 5.14 is used rather than linkage analysis. 

In one embodiment of the present invention, the QTL analysis (Fig. 79A, step 
7904) comprises: (i) testing for linkage between (a) the genotype of a plurality of 
organisms at a position in the genome of a single species and (b) the phenotypic statistic 

20 set (e.g. , plurality of phenotypic values), (ii) advancing the position in the genome by an 
amount, and (iii) repeating steps (i) and (ii) until all or a portion of the genome has been 
tested. In some embodiments, the amount advanced in each instance of (ii) is less than 
100 centiMorgans, less than 10 centiMorgans, less than 5 centiMorgans, or less than 2.5 
centiMorgans, or between 2.5 centiMorgans and 500 centiMorgans. A Morgan is a unit 

25 that expresses the genetic distance between markers on a chromosome. A Morgan is 

defined as the distance on a chromosome in which one recombinational event is expected 
to occur per gamete per generation. In some embodiments, the testing comprises 
performing linkage analysis (Section 5.13) or association analysis (Section 5.14) that 
generates a statistical score for the position in the genome of the single species. In some 

30 embodiments, the testing is linkage analysis and the statistical score is a logarithm of the 
odds (lod) score (Section 5.4). Thus, in some embodiments, a cQTL identified in 
processing step 7904 is represented by a lod score that is greater than 2.0, greater than 
3.0, greater than 4.0, or greater than 5.0. 
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In emb^Rents where more than one cross is consf^ld in step 7902, a separate 
phenotypic statistic set is created for the progeny of each cross. For example, consider 
the case where the phenotypic value under consideration is blood cholesterol level. 
Further, in this example, there are six founder strains and a total of fifteen crosses. In this 
5 example, fifteen phenotypic statistic sets are constructed for blood cholesterol level, one 
for the progeny of each of the fifteen strains. Then, a separate QTL analysis is performed 
with the progeny of each of the fifteen crosses. For each of these crosses, the phenotypic 
statistic set associated with the cross is used as the quantitative trait in the QTL analysis. 
It will be appreciated that a large number of clinical traits can be considered. For each 
10 such clinical trait, measurements of the organisms 46 are made. Then, phenotypic 

statistic s.ets are created for each clinical trait considered. Further, as described above, in 
the case where there are multiple crosses, the phenotypic measurements from the progeny 
of each cross are used to form a respective phenotypic statistic set that is associated with 
the cross. 

15 In some embodiments, the progeny of each cross are subjected to a perturbation 

prior to phenotyping. In some embodiments, this perturbation is a drug treatment, 
variable diet and/or fasting/refeeding. Then, a phenotypic statistic set is created from the 
progeny of the crosses prior to quantitative trait loci (QTL) analysis. 

In the case where multiple QTL analyses are performed with the same trait, each 
20 such analysis corresponding to the progeny of a different cross in a plurality of crosses, 
there remains the task of combining the results of each such QTL analysis. For example, 
in the case where the phenotype is blood cholesterol level and there are fifteen crosses in 
the population, fifteen QTL analyses are performed using blood cholesterol as the 
quantitative trait, resulting in fifteen lod score curves across the genome of the species 
25 under consideration. In some embodiments, the lod score curves for the QTL overlapping 
in each of the crosses are combined in an additive fashion to assess the overall 
significance of the QTL over the different crosses. However, this type of method ignores 
the relationship between the crosses that exists if they share a common parent. For 
example, if you have two crosses constructed from three inbred lines of mice (so they 
30 share a common parent), then the progeny of each cross will share a larger percentage of 
alleles over the entire genome than would be expected by chance. By taking this 
relationship into account over the multiple crosses that are present in some embodiments 
of the present invention, a significant increase in the power to detect QTL, detect 
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interactions b Wen QTL, and detect interactions between^TL and environmental 
conditions is achieved. 

In one embodiment of the present invention, multiple lod score curves, where each 
curve represents a QTL analysis of the progeny of a different cross using a given 
> quantitative trait, are simultaneously considered. However, rather than simply combining 
the lod score curves in an additive fashion, "identical by descent" (JED) matrices are 
calculated. Such matrices assess the probability that any two animals from the different 
crosses have inherited a common allele at any given position in the genome. These IBD 
matrices are then used to appropriately weight the different distributions in the phenotype 
of interest that can arise when the phenotype is linked to a particular region in the 
genome. For example, regions that are likely to have inherited a common allele are 
downweighted relative to regions that are likely to have inherited from different alleles. 

The embodiments that follow in this paragraph apply to instances where the 
species under study are mice. Based on this disclosure, those of skill in the art will 
realize corresponding phenotypes that can be measured in other species and all such 
phenotypes are within the scope of the present invention. In some embodiments, the 
disease of interest is diabetes and/or insulin resistance and the phenotypes that are 
measured in step 7904 include plasma glucose, plasma insulin, insulin glucose, and a 
glucose tolerance test (GTT). In some embodiments, the disease of interest is 
20 atherosclerosis, and the phenotypes that are measured in step 7904 include aortic lesion 
and fatty streak (i. levels, ii. parafilm 5um section immunohistochemistry for several 
markers such as FLAP, 5LO, dendritic cells, T cells, CDllb mono infiltration, Brdu 
proliferation, apoptosis, Hi. endothelial cells and macrophage function), brain lesion, 
vascular calcification, paraoxonase, osteopontin, and PAI-1. In some embodiments, the 
disease of interest is obesity, and the phenotypes that are measured in step 704 include 
body weight, anal-nasal length, fat pad weights (e.g., perimetrial fat pad mass, mesenteric 
omental fat pad mass, subcutaneous fat pad mass, and retroperitoneal fat pad mass), NMR 
fat mass, NMR muscle mass, Ieptin levels, food intake, liver weight, glucagon, 
adiponectin, and IGF-1. In some embodiments, the disease of interest is hypertension, 
and the phenotypes that are measured in step 7904 include blood pressure, and response 
to angiotensin H. In some embodiments, the disease of interest is asthma and chronic 
obstructive pulmonary disease (COPD) and the phenotypes that are measured in step 704 
include airway hyper-responsiveness with and without antigen challenge and airway 
hyper-responsiveness in mice exposed to smoke for a significant length of time. In some 
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measured in step 7904 include lipoprotein lipase (LPL), hepatic lipase (HL)> and 
endothelial lipase activity. In some embodiments, the trait of interest is plasma lipids and 
the phenotypes that are measured in step 7904 include total cholesterol (TC), high-density 
lipoprotein cholesterol (HDL), very low density lipid lipoprotein / low density lipoprotein 
(VLDL/LDL), triglycerides, fatty acids, ketone bodies, lactate, LDL oxidation, and HDL 
protection. In some embodiments, the trait of interest is plasma cytokines and the 
phenotypes that are measured in step 7904 include interleukin 6 levels, mterleukinl-beta 
levels, tumor necrosis factor alpha/gamma (TNF-alpha/gamma), and interleukin 4 levels. 
In some embodiments, the phenotypes that are measured include monocyte isolation from 
plasma and ELIS A or LC-MS for leukotrienes. In some embodiments, the disease under 
study is inflammation and the phenotypes that are measured in step 7904 include 
E06/MDA oxLDL ELISA, lipoprotein properties, macrophage/T cell interactions, and 
MF-gamma levels. In some embodiments, cardial related traits are of interest and the 
phenotypes that are measured in step 7904 include heart/brain weight ratio, heart rate / 
femur length, cardiac fibrosis, and myocardial calcification. In some embodiments, bone 
traits are of interest and the phenotypes that are measured in step 7904 include bone 
density (scans), femur CT BMD, total femur x-ray BMD, total femur x-ray BMC, femur 
CT-determined BMC, femur diaphyseal BMC, femur diaphyseal BMD, intertrochanteric 
BMC, intertrochanteric BMD, femur volume by CT, femur x-ray area, femur diaphyseal 
cortical thickness, femur width at the diaphysis, right and left femur length, right and left 
tibia length, right and left length of forepaw 1 st , 2 nd , 3 rd , 4 th , and 5 th digits, right and left 
humerus length, right and left radius length, right and left ulna length, femure width at the 
intertrochanteric region, femur fracture energy, stiffiiess of femur, and strength of femur. 

Step 7906. In step 7906 cellular constituent abundance data 44 {e.g., from a gene 
expression study or a proteomics study) is obtained for a plurality of cellular constituents 
from one or more tissues in each member of the population under study. In some 
embodiments, cellular constituent abundance data 44 comprises the processed microarray 
images for each individual (organism) 46 in a population under study. For example, in 
one such embodiment, this data comprises, for each individual 46, cellular constituent 
abundance information 50 for each cellular constituent 48 represented on the array, 
optional background signal information 52, and optional associated annotation 
information 54 describing the probe used for the respective cellular constituent 48 (Fig. 
1). See, for example, Section 5.8, below. 
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In vari^Pmbodiments of the present invention, eSfmts of the biological state 
other than the transcriptional state, such as the translational state, the activity state, or 
mixed aspects can be measured and used as cellular constituent abundance data. See, for 
example, Section 5.9, below. For instance, in some embodiments, cellular constituent 
5 abundance data 44 is, in fact, protein levels for various proteins in the organisms 46 under 
study. Thus, in some embodiments, cellular constituent abundance data comprises 
amounts or concentrations of the cellular constituent in tissues of the organisms under 
study, cellular constituent activity levels in one or more tissues of the organisms under 
study, the state of cellular constituent modification (e.g., phosphorylation), or other 
1 0 measurements relevant to the trait under study. 

In one aspect of the present invention, the expression level of a gene in an 
organism in the population of interest is determined by measuring an amount of at least 
one cellular constituent that corresponds to the gene in one or more cells of the organism. 
In one embodiment, the amount of the at least one cellular constituent that is measured 

1 5 comprises abundances of at least one KNA species present in one or more cells. Such 
abundances can be measured by a method comprising contacting a gene transcript array 
with RNA from one or more cells of the organism, or with cDNA derived therefrom. A 
gene transcript array comprises a surface with attached nucleic acids or nucleic acid 
mimics. The nucleic acids or nucleic acid mimics are capable of hybridizing with the 

20 RNA species or with cDNA derived from the RNA species. In one particular 

embodiment, the abundance of the RNA is measured by contacting a gene transcript array 
with the RNA from one or more cells of an organism in the plurality of organisms under 
study, or with nucleic acid derived from the RNA, such that the gene transcript array 
comprises a positionally addressable surface with attached nucleic acids or nucleic acid 

25 mimics, where the nucleic acids or nucleic acid mimics are capable of hybridizing with 
the RNA species, or with nucleic acid derived from the RNA species. 

In some embodiments, cellular constituent abundance data 44 is taken from tissues 
that have been associated with a trait under study. For example, in one nonlimiting 
embodiment where the complex trait under study is human obesity, cellular constituent 
30 abundance data 44 is taken from the liver, brain, or adipose tissues. More generally, in 
some embodiments of the present invention, cellular constituent abundance data 44 is 
measured from multiple tissues of each organism 46 (Fig. 1) under study. For example, 
in some embodiments, cellular constituent abundance data 44 is collected from one or 
more tissues selected from the group of liver, brain, heart, skeletal muscle, white adipose 
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from one or mo^Rcations, and blood. In such embodimeSPhe data is stored in a data 
structure such as data structure of Fig. 83. This data structure is described in more detail 
below. 

In some embodiments, particularly in embodiments where multiple crosses are 
5 simultaneously considered, each progeny mouse (and a number of parental and Fl mice) 
are extensively phenotyped by collecting multiple tissues from each such mouse for 
expression profiling. For example, tissue samples that can be collected for profiling 
include, but are not limited to, brain (possibly different brain parts), liver, white adipose 
tissue, skeletal muscle, heart, blood, kidney, lung, intestine, and stomach. In some 
10 embodiments, expression profiles for at least three of these tissues across some number of 
animals is performed. This rich set of clinical/biochemical phenotypes and gene 
expression traits over many tissues across multiple crosses allows for reconstruction of 
pathways involved in any of the clinical traits represented. 

In some embodiments, once cellular constituent abundance data has been 

1 5 assembled, the data is transformed into abundance statistics that are used to treat each 
cellular constituent abundance in cellular constituent abundance data 44 as a quantitative 
trait. In some embodiments, cellular constituent abundance data 44 (Fig. 1) comprises 
gene expression data for a plurality of genes (or cellular constituents that correspond to 
the plurality of genes). In one embodiment, the plurality of genes comprises at least five 

20 genes. In another embodiment, the plurality of genes comprises at least one hundred 
genes, at least one thousand genes, at least twenty thousand genes, or more than thirty 
thousand genes. The expression statistics commonly used as quantitative traits in the 
analyses in one embodiment of the present invention include, but are not limited to the 
mean log ratio, log intensity, and background-corrected intensity. In other embodiments, 

25 other types of expression statistics are used as quantitative traits. In such embodiments, 
the expression levels of a plurality of genes in each organism under study are normalized. 
Any normalization routine can be used. Representative normalization routines include, 
but are not limited to, Z-score of intensity, median intensity, log median intensity, Z-score 
standard deviation log of intensity, Z-score mean absolute deviation of log intensity 

30 calibration DNA gene set, user normalization gene set, ratio median intensity correction, 
and intensity background correction. Furthermore, combinations of normalization 
routines can be used. Exemplary normalization routines in accordance with the present 
invention are disclosed in more detail in Section 5.3, below. The expression statistics 
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formed from tMPansformation are then stored in abundaiS^genotype warehouse 76, 
where they are ultimately matched with the corresponding genotype information. 

Once cellular constituent abundance data has been transformed into corresponding 
expression statistics and a genetic marker map has been constructed, the data is 
5 transformed into a structure that associates all marker, genotype and expression data for 
input into QTL analysis software. This structure is stored in abundance / genotype 
warehouse 76. 

Step 7908. Given gene expression data for a specific tissue of interest in a 
population that has been genotyped and phenotyped with respect to a disease trait of 

10 interest, the next step is to identify all cellular constituents that are significantly 
associated with the disease trait. A variety of methods can be used to establish 
associations between cellular constituent abundance and clinical traits, including simple 
Pearson correlations, basic discriminant analysis, t-tests, and ANOVA, in order to 
identify those cellular constituent abundance values that discriminate the extremes of the 

15 clinical trait, as well as more advanced regression models that specifically assess 

relationships between cellular constituent abundance values and clinical traits. In some 
% embodiments, only the cellular constituents that are differentially expressed in at least ten 
percent, at least twenty percent, or at least thirty percent of the organisms profiled are 
considered. Then, of these differentially expressed cellular constituents, only those 

20 cellular constituents whose abundance valuse across the population has a Pearson 

correlation coefficient (p-value) that is less than 0.00001, 0.0001, 0.001 or 0.01 with the 
trait of interest T, as exhibited by organisms profiled, are considered. The product of step 
708 is a set of cellular constituents (association set D) whose abundance levels across the 
population under study significantly associate with the trait of interest. 

25 To illustrate, consider the hypothetical cellular constituent A in a population of 

100 organisms. If just one tissue is considered in this population, then there will be 100 
abundance values for cellular constituent A, one from each of the 100 organisms. 
Likewise, there will be 100 measurements of the trait of interest (e.g. 9 tail length), one for 
each of the 100 organisms. In step 708, then, the question is asked whether the 100 

30 cellular constituent abundance values significantly correlate with the 1 00 trait 

measurement values. As indicated above, a statistical measure, such as the Pearson 
correlation coefficient between the abundance value and the Trait measurements, can be 
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used. If a cerl^Phreshold correlation value or other raetrW achieved, the cellular 
constituent is considered significantly associated with the trait. 

In some embodiments, multiple crosses are considered simultaneously. For the 
purposes of step 7908, the progeny of the multiple crosses can be treated as a single large 
5 population. So that, for example, if there are fifty organisms from a first cross and fifty 
organisms from a second cross, the combined total of 100 organisms is treated as a single 
population. Alternatively, the progeny of each cross can be considered independently. 
Thus, in the example where there are two crosses, each with fifty progeny, an 
independent determination can be made of the cellular constituents whose abundance 

10 levels significantly associate with the trait of interest. Then the test sets of cellular 

constituents that associate with the trait in the respective crosses can be combined. For 
instance, consider the case where cellular constituents A and B significantly associate 
with the trait in the progeny of a first cross and cellular constituents B and C significantly 
associate with the trait in the progeny of the second cross. In this instance, the sets can be 

1 5 combined such that step 7908 realizes an association set D comprising cellular 

constituents A, B, and C. There are any number of rules that can be devised to combine 
the results when crosses are considered separately in step 7908. The case of single 
addition (e.g., A, B, and C) has been presented above. Alternatively, only those cellular 
; constituents that are significantly associated with the trait in all the crosses (or a majority 

20 of the crosses or some other percentage of the crosses) are placed in association set D. 

Step 791 0. In step 7910, a quantitative trait locus (QTL) analysis is performed 
using data corresponding to each cellular constituent i in association set D. For 1,000 
cellular constituents, this results in 1,000 separate QTL analyses. For embodiments in 
which multiple tissue samples are collected for each organism, this results in even more 

25 separate QTL analyses. For example, in embodiments in which samples are collected 
from two different tissues, an analysis of 1,000 cellular constituents can require 2,000 
separate QTL analyses. In embodiments where multiple crosses are considered, the 
crosses are preferably considered in the QTL analysis as a single population. In one 
example, each QTL analysis steps through the genome of the organism of interest. 

30 Linkages to the gene under consideration are tested at each step or location along the 

length of the genome. In such embodiments, each step or location along the length of the 
chromosome is at regularly defined intervals. In some embodiments, these regularly 
defined intervals are defined in Morgans or, more typically, centiMorgans (cM). In other 
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embodiments, regularly denned interval is less than H, less than 5 cM, or less 
than 2.5 cM. 

In each QTL analysis, data, corresponding to a cellular constituent selected from 
discriminating set D, is used as a quantitative trait. More specifically, for any given 
5 cellular constituent i, the quantitative trait used in the QTL analysis is an abundance 
statistic set such as set 8104 (Fig. 81). Abundance statistic set 8104 comprises the 
corresponding abundance statistic 8108 for the corresponding cellular constituent 8102 
from each organism 8106 in the population under study. Fig. 82 illustrates an exemplary 
abundance statistic set 8104 in accordance with one embodiment of the present invention 

10 for the case in which abundance data from only one tissue type is considered and cellular 
constituent abundance is gene expression. The exemplary abundance statistic set 8104 of 
Fig. 82 includes the abundance level 8108 of a gene G (or cellular constituent that 
corresponds to gene G) from each organism in a plurality of organisms. For example, 
consider the case where there are ten organisms in the plurality of organisms, and each of 

15. the ten organisms expresses gene G. In this case, abundance statistic set 8 1 04 includes 
ten entries, each entry corresponding to a different one of the ten organisms in the 
plurality of organisms. Further, each entry represents the abundance level (e.g., 
expression level) of gene G in the organism represented by the entry.. So, entry "1" 
(8108-G-l) (Fig. 82) corresponds to the abundance level of gene G in organism 1, entry 
20 "2" (8 1 08-G-2) (Fig. 82) corresponds to the abundance level of gene G in organism 2, 
and so forth. 

Referring to Fig. 83, in some embodiments of the present invention, abundance 
data from multiple tissue samples of each organism 8106 under study are collected. 
When this is the case, the data can be stored in the exemplary data structure illustrated in 
25 Fig. 83. In Fig. 83, a plurality of cellular constituents 8 102 are represented. Further, 
there is an abundance statistic set 8104 for each cellular constituent 8102. Each 
abundance statistic set 8104 represents an abundance of the corresponding cellular 
constituent in each of a plurality of organisms. 

In one embodiment of the present invention, each QTL analysis (Fig. 79A, step 
30 7910) comprises: (i) testing for linkage between a position in a genome and an abundance 
statistic set 7904, (ii) advancing the position in the genome by an amount (e.g., less than 
100 cM, less than 5 cM), and (iii) repeating steps (i) and (ii) until the entire genome is 
tested. In some embodiments, testing for linkage between a given position in the genome 
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and the abunda^Pstatistic set comprises correlating differSKs in the abundance found 
in the abundance level statistic with differences in the genotype at the given position 
using single marker tests (for example using Mests, analysis of variance, or simple linear 
regression statistics). See, e.g., Statistical Methods, Snedecor and Cochran, 1985, Iowa 
5 State University Press, Ames, Iowa. However, there are many other methods for testing 
for linkage between abundance statistic set and a given position in the chromosome. In 
particular, if abundance statistic set is treated as the phenotype (in this case, a quantitative 
phenotype), then methods such as those disclosed in Doerge, 2002, Mapping and analysis 
of quantitative trait loci in experimental populations, Nature Reviews: Genetics 3:43-62, 
10 may be used. Concerning steps (i) through (hi) above, if the genetic length of a given 
genome is N cM and 1 cM steps are used, then N different tests for linkage are 
performed. 

In some embodiments, the QTL data produced from each respective QTL analysis 
comprises a logarithm of the odds score (lod) computed at each position tested in the 

1 5 genome under study. A lod score is a statistical estimate of whether two loci are likely to 
he near each other on a chromosome and are therefore likely to be genetically linked. In 
the present case, a lod score is a statistical estimate of whether a given position in the 
genome under study is linked to the quantitative trait corresponding to a given gene. Lod 
scores are further defined in Section 5.4, below. In some embodiments, a lod score of 2.0 

20 or more is generally taken to indicate that two loci are genetically linked. In some 

embodiments, a lod score of 3.0 or more is generally taken to indicate that two loci are 
genetically linked, hi some embodiments, a lod score of 4.0 or more is generally taken to 
indicate that two loci are genetically linked. The generation of lod scores requires 
pedigree data. Accordingly, in embodiments in which a lod score is generated, 

25 processing step 79 1 0 is essentially a linkage analysis, as described in Section 5.13, with 
the exception that the quantitative trait under study is derived from data, such as cellular 
constituent expression statistics, rather than classical phenotypes such as eye color. 

In situations where pedigree data is not available, genotype data from each of the 
organisms 46 (Fig. 1) can be compared to each abundance statistic set using allelic 
30 association analysis, as described in Section 5.14, in order to identify QTL that are linked 
to each expression statistic set. In one form of association analysis, an affected 
population is compared to a control population. In particular, haplotype or allelic 
frequencies in the affected population are compared to haplotype or allelic frequencies in 
a control population in order to determine whether particular haplotypes or alleles occur 
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at significantl^^her frequency amongst affected compa^Rith control samples. 
Statistical tests such as a chi-square test are used to determine whether there are 
differences in allele or genotype distributions. 

Regardless of whether linkage analysis or association analysis is used in step 
5 7910, the results of each QTL analysis can be stored in a QTL results database (Fig. 84). 
For each abundance statistic set (Fig. 81), QTL results database comprises all tested 
positions in the genome of the organism that were tested for linkage to the quantitative 
trait. For each position 8104, genotype data 68 provides the genotype at position 8404 for 
each organism in the plurality of organisms under study. For each such position 8404 
10 analyzed by quantitative genetic analysis in step 7910, a statistical measure {e.g., 
statistical score 8406), such as the maximum lod score between the position and the 
abundance statistic, is listed. Thus, data structure comprises all the positions in the 
genome of the organism of interest that are genetically linked to each abundance statistic 
tested. 

15 Step 7912. In step 7912, those cellular constituents in association set D that do 

not have at least one eQTL coincident with at least one cQTL from step 7904 form a 
candidate reactive cellular constituent set (Fig. 74, 7906). All cellular constituents in 
association set D that have at least one eQTL coincident with at least one cQTL from step 
7904 form a candidate causal cellular constituent set (Fig. 74, 7904). In some 

20 embodiments, an eQTL is coincident with a cQTL when the eQTL and the cQTL 

colocalize within 40 cM of each other, within 30 cM of each other, within 20 cM of each 
other, within 10 cM of each other, within 3 cM of each other, or within 1 cM of each 
other in the genome of the species under consideration. 

As an example of step 7912, consider the case in which the phenotypic statistic set 
25 is omental fat pad mass in a mouse population and that a QTL analysis in accordance with 
step 7904 yields 5 cQTL with LOD scores over 2.0 located on chromosomes 1 at 1 1 lcM, 
5 at 90cM, 6 at 43cM, 9 at 8cM, and 19 at 28cM. All cellular constituents in association 
set D that form eQTL at any of these chromosomal locations will be placed in the causal 
candidate cellular constituent set (Fig. 74, 7904). All cellular constituents in association 
30 set D that do not form eQTL at any of these chromosomal location will be placed in the 
reactive candidate cellular constituent set (Fig. 74, 7906). 

Each cellular constituent in the candidate causal cellular constituent set gives rise 
to at least one eQTL that overlaps with at least one cQTL from step 7904 (an eQTL/cQTL 
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overlap). Th^^-e generally two reasons that two or moSRits (here an eQTL and a 
cQTL) can be genetically correlated: 1) gametic phase disequilibrium (also known as 
linkage disequihbrium) and 2) a single gene affecting multiple traits (pleiotropy). In 
some embodiments of the present invention, in order for an eQTL and a cQTL to be 
5 coincident, the QTL associated with the position of the eQTL and cQTL must truly be 
common to the clinical and expression trait (due to a pleiotropic effect of a common 
QTL) rather than simply represent two closely linked QTL (due to linkage disequiUbrium 
between two distinct QTL). In such embodiments, a test is implemented to test the 
positions between the eQTL and the cQTL to determine whether the positions are 
10 statistically indistinguishable. 

In considering a test for pleiotropy in accordance with the present invention, let Y t 
and Y 2 represent quantitative trait random variables, with QTL Q and Q z at positions p l 
and p 2 , respectively. It is of interest to determine whether p x =p 2 , indicating a 
pleiotropic effect at the QTL for traits Y, and Y 2 . Jiang and Zeng, 1995, Genetics 140, 
15 1111, devised statistical tests to assess whether the positions are equal. A generalization 
of this test is implemented in some embodiments of step 7912. Since the positions under 
consideration usually will be relatively close together on a given chromosome (e.g., 
within 20 cM), it is expected that Y l and Y 2 will be correlated, and so the most basic 
model for these traits under the control of a single, common QTL is formed as: 



20 



where Q is an categorical random variable indicating the genotypes at the position of 
interest, and 



1 I • 

is distributed as a bivariate normal random variable with mean 

\ b 2j 



and covariance matrix 
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The case where p x = p 2 represents the null hypothesis of pleiotropy. The aim is 
25 to test this null hypothesis against a more general alternative hypothesis that indicates 
Pi * p 2 . The alternative hypotheses of interest can be captured by the following model- 

a-ta-e so- 
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where the s i IKistributed as for the pleiotropy model. flRiull hypothesis can be 

compared against any of a series of alternative hypotheses. The likelihoods for the two 
competing models (null hypothesis and alternative hypothesis) are easily formed, and 
maximum likelihood methods are then employed to estimate the model parameters 
5 (fffij* and cr* )• With the maximum likelihood estimates in hand, the likelihood ratio 
test statistic can be formed to directly test the null hypothesis against the alternative. 

There are several alternative hypotheses that can be tested in this setting 
including: 

10 Ba-Px* 0» Pa *0,/3 2 = 0,/? 3 = 0, 

indicating closely linked QTL with no pleiotropic effects, 
h a -Pi* 0,A * 0, J3 2 *0,J3 3 = 0, 

15 

indicating closely linked QTL with pleiotropic effects at the first position, . 

h a'P\* 0, /} 4 *0,p 2 =0,/3 3 *0, 

20 indicating closely linked QTL with pleiotropic effects at the second position, and 

h a 'Pi* o,p 4 *0,&* 0,fr * 0, 

indicating closely linked QTL with pleiotropic effects at both positions. Other null 
hypotheses and corresponding alternative hypotheses naturally follow from the general 
models presented here. 

Thus, in embodiments where a pleiotropy test is applied, each cellular constituent 
in the candidate cellular constituent has at least one eQTL that is coincident with a 
respective cQTL for the trait of interest, where the at least one eQTL passes a test for 
pleiotropy with the respective cQTL. 

Step 791 6. In step 7916, the cellular constituents in the candidate causative 
cellular constituent set are ranked ordered based upon the amount of genetic variation in 
the trait of interest that is explained by the eQTL of the cellular constituent that are 
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coincident w^JTL from the trait of interest. More specially, for each cellular 
constituent i in the candidate causative cellular constituent set, a determination is made as 
to the amount of genetic variation in the trait of interest that is explained hy the eQTL of 
the respective cellular constituent i coincident with the cQTL from the trait of interest. 
5 Then, the cellular constituents in the candidate causative cellular constituent set are rank 
ordered based upon the amount of genetic variation in the trait of interest that is explained 
by each cellular constituent determined in this manner. 

To illustrate, consider the case in which the trait of interest produces five cQTL. 
Further, a cellular constituent i in the candidate causative cellular constituent set has five 
10 eQTL. Four of the eQTL overlap with four of the cQTL for the trait of interest. 

However, only three of the eQTL pass the test for pleiotropy. In this example, only the 
three eQTL that are coincident with respective cQTL for the trait of interest and that pass 
the test for pleiotropy described in step 7912, above, are used to determine how well they 
explain the genetic variation in the trait of interest. Thus, in the example, if the first of 
15 the three qualifying eQTL explains ten percent ofthe genetic variation in the trait of 

interest, the second of the three qualifying eQTL explains twenty percent of such genetic 
variation, and the third eQTL explains thirty percent of such genetic variation, the three 
eQTL, together, explain sixty percent ofthe genetic variation in the trait of interest. 

In some embodiments, the determination as to how much the qualifying eQTL of 
20 a given cellular constituent explain the genetic variation in the trait of interest is 

performed using a joint analysis ofthe trait of interest at each ofthe qualifying coincident 
eQTL. This joint analysis leads to a lod score as described by Jiang and Zeng, 1995, 
Genetics 140, p. 1 1 1 1 and applied by Schadt et al, 2003, Nature 422, p. 297, to gene 
expression traits. Then, cellular constituent can be rank ordered based on their lod score. 
25 Step 7918. Step 7918 tests the cellular constituents in the candidate causative 

cellular constituent set in a manner that is independent ofthe pleiotropy test of step 7916. 
Step 7918 applies a causality test that, in one embodiment, serves to determine whether 
the genetic variation in each eQTL of a given cellular constituent that is coincident with a 
cQTL of a trait of interest is correlated with the variation in the trait of interest 
30 conditional on an abundance pattern ofthe cellular constituent i in the plurality of 
organisms. 

Specific tests can be developed to identify the true relationship between QTL (Q), 
cellular constituent abundance (G) and disease trait (T) from the set of possible 
relationships depicted in Fig. 75 A. However, to maximize the information that can be 
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derived from l^^netics and expression data, the causalit^Bit used in step 7918 is best 
considered in the context of scenario 7910 of Fig. 79A. Scenario 7910 represents an 
optimal situation where a cellular constituent (e.g., gene) is under the control of multiple 
disease QTL and still causative for the disease, thereby providing maximal causal 
5 information relating to the disease under study. 

The aim of the causality test is to distinguish between the relationships that 
indicate a cellular constituent is causal for the clinical trait (scenarios 7902, 7908, and 
7910 of Fig. 79A) from those that are reactive to, or independent of the disease trait 
(scenarios 7904 and 7906, respectively, of Fig. 79A). The test for causality involving 
10 QTL, cellular constituent abundance (e.g., gene expression) and disease trait data is based 
on the same conditional probabilities that underlie mutual information measures that form 
the basis of the more general Bayesian network reconstruction problems. See, for 
example, Pearl, 1983, Probablistic Reasoning in Intelligent Systems: Networks of 
Plausible Inference, Morgan Kaufrnan Publishers, Inc., San Francisco. The causality test 
1 5 assesses whether the QTL (Q) and the disease trait (T) are correlated conditional on the 
cellular constituent abundance trait (G). 

Genetic linkages for disease and cellular constituent abundance traits give rise to 
information on causality, thereby restricting the number of relationships to consider since 
they establish sub-relationships with absolute certainty (e.g., it is known that Q causes 
20 variations in G and T). This restriction allows for a robust, statistical test to determine 
whether scenarios 7902 and 7910 of Fig. 79A hold over the relationships given by 
scenarios 7904 and 7906. Since the test begins with data that indicate G and Tare 
partially under the control of a common QTL Q, the problem is significantly simplified 
over that of the classic network reconstruction problem, where positioning G with respect 
25 to Twould require additional traits related to G and T. If one started with no a priori 
information on causality between the traits, the exact relationship could not be 
unambiguously identified without additional experimentation. See, for example, Pearl, 
1 983, Probablistic Reasoning in Intelligent Systems: Networks of Plausible Inference, 
Morgan Kaufman Publishers, Inc., San Francisco. 
30 If it is assumed that traits T and G are jointly distributed as a bivariate normal 

random variable with a common QTL between them, then a determination can be made as 
to whether the following relationship holds: 

P(T,Q\G) = P(T\G)P(Q\G), 
where the P's represent probability density functions and, by definition, 

249 



WO 2004/061616 ^ ^ PCT/US2003/041613 

W P(T,Q\G)^^Q^. W 

1 P(G) 

Pates - - r&WKS) 

P(T{G) - P{G) 1(G)— md 

i>(elG)=^p. 

Here, P(T,$G)is read, "the probability of T and Q given G". This relationship 
5 P(T, Q\G) = P(T\G)P(Q\G) indicates that even though T and Q can be significantly 
correlated (this holds by definition for a QTL), conditioning on relative abundances G 
leads to functional independence between Q and T, as was noted in the example for 
Figure 79C. If this relationship holds, then it can be concluded that the information 
passed from Q to disease trait Tis via G, which supports G as being causal for T. See, for 

10 example, Pearl, 1983, Probabilistic Reasoning in Intelligent Systems: Networks of 

Plausible Inference, Morgan Kaufman Publishers, Inc., San Francisco, Section 3.1.2. If 
conditional on G, Q and Tare not independent (e.g., P(T,Q\G) * P(T\G)P(Q\G) ), then 
one of the relationships given in scenarios 7904 and 7906 more likely holds (the 
relationships in these Figures can be tested in a like manner). Conditional independence 

15 is tested by first forming the likelihood functions based on the conditional probabilities 
discussed above, for the two competing hypotheses: 1) the null hypothesis that 7/ and Q 
are independent given G (G is causal for 7), and 2) the alternative hypothesis that rand Q 
are dependent given G (G is not causal for T). The likelihood functions can then be 
maximized with respect to the parameters of the underlying genetic model, and the 

20 likelihood ratio test statistic formed, which in the present case, under the null hypothesis, 
would be chi-square distributed with two degrees of freedom. For more information on 
the likelihood functions and likelihood ratio statistics used, see Section 5.19.4, below. 

In one embodiment, the correlation between Tand Q is considered in terms of a 
LOD score. Significant correlation between T and Q is consistent with a significant LOD 

25 acore for T at position Q. After conditioning on the gene expression trait G, the causality 
test determines whether there is still a significant LOD score for TstQ. If the LOD score 
for the QTL drops to zero after conditioning on G, this indicates G effectively blocks 
transmission of the information from the QTL to the trait, indicating that scenario 7902 
(Fig. 79A) is the more likely explanation of the relationship between T and G (or one of 
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the variants gTOn scenarios 7908 or 7910 of Fig. 79A).^Rile this form of the null 
hypothesis given above has interesting statistical issues to consider, given causality is 
assumed under the null hypothesis, it is consistent with the traditional null hypothesis of 
linkage analysis that a given trait is not linked to a particular locus under consideration. 
> Those cellular constituents in the candidate causative cellular constituent set in 

which the null hypothesis of causality is accepted for all of their associated eQTL 
overlapping with (coincident with) cQTL represent the strongest set of causal candidates 
for the trait of interest. 

In another embodiment, models 7902 (causative), 7904 (reactive), and 7906 
(independent) of Fig. 79A are compared directly using a maximum likelihood approach. 
In this approach, for each model (independent, causative and reactive), the following 
likelihoods are formed based on the relationships depicted in the model: 

model 7902 (causative) P(Q,G,T) = P(G\Q)P{T\G) 
model 7904 (reactive) P(Q,G,T) = P(T\Q)P(G\T) 
model 7906 (independent) P(Q,G,T) = P(T\Q)P(G\Q) 

20 where, as in Fig. 79A, Q is the DNA locus controlling cellular constituent levels and/or 
clinical traits, G is cellular constituent level, and T is clinical trait. The likelihoods are 
then maximized with respect to the model parameters, given the genotypic data, cellular 
constituent abundance data 44, and phenotype data 72 (Fig. 1) for the trait (or traits) of 
interest. These maximum likelihood values are then compared using standard techniques, 

25 where the model giving rise to the largest likelihood is declared the best model. 

To illustrate, consider the case in which a particular trait T, say X, in which 3.3 
percent of the trait's variation is explained by a single QTL. Let Y be another trait such 
that X is partially causal for Y and the QTL that explains 3.3 percent of X's variation only 
explains 1.1% of Y's variation in a given population. Further, the coefficient of 

30 determination between X and Y is only 0. 1 (so ten percent of Y's variation is explained 
by the variation in X). Clearly, if X and Y were expression or clinical traits, the degree of 
association between X and Y here would not be striking and, in fact, would most likely be 
missed using conventional techniques such as agglomerative hierarchical clustering of the 
data. 

35 Table 1 below gives the Akaike Information Criterion (AIC) for three models in 

this case (the AIC value is defined as -2 times the loglikelihood added to two times the 
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number of par^Pers in the model). The AJC is used to Mm the "best" model from a 
Ust of theoretical functions. See, for example, Akaike Information Criterion Statistics 
Mathematics and Its Applications, Japanese Series, Sakamoto et al, D Reidel Pub Co, 
January 1987. The model with the smallest AIC value represents the model that bests fits 
5 the data and therefore has the highest likelihood given the data. 

Table 1 

LOD scores AIC for model AIC for model AIC for model 

(X/Y) 306 302 (causal) 304 (reactive) 
(independent) 

7.3/2.4 13354.5 13254.3 13276.8 

From Table 1, it can be seen that causality model 7902 provides the best fit to the data, as 
10 would be expected given the hypothetical data. Next, a determination is made as to 

whether the difference in AIC values is statistically significant. Differences between AIC 
values essentially represent a likelihood ratio test statistic with one degree of freedom (in 
this case). These statistics are chi-square distributed when the models are nested, so if 
this were the case here, then the p-value associated with the difference in AIC values 
1 5 between the causal and reactive model would be 0.000002 (indicating statistical 

significance). However, the models in the hypothetical case are not nested, and so the 
standard likelihood ratio test theory does not strictly apply but can be used as an 
approximate test to determine whether the AIC values are statistically significant. 
Permutation testing can also be used to assess the significance of the AIC 
20 differences. If the trait values are permuted in a way that maintains the correlation 

between them, but randomizes them with respect to the genotypes, an assessment can be 
made as to whether the observed differences are as big as those observed from the actual 
data. In this present example, 1000 permutations were tested and in no case was the 
difference between the causal and reactive models as large as it is in Table 1. This 
25 example demonstrates the power of the new causality test. It is effectively able to 
identify a strong causal relationship between two traits that were only moderately 
associated and weakly linking to a common QTL. 

To further highlight the utility consideration of genotypic information (Fig. 1) 
brings in resolving this causal relationship between these moderately associated traits, the 
30 genotypes were randomized at the locus to which the two traits link. This effectively 
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destroys the g^pb association between the traits and the 
values for each of the models is given in Table 2 
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s. The resulting AIC 



Table 2 



LOD scores 
(X/Y) 



7.3/2.4 



AIC for model 

306 
(independent) 

13397.9 



AIC for model 
302 (causal) 



13287.0 



AIC for model 
304 (reactive) 



13287.5 



10 



15 



20 



Interestingly, the causal and reactive models were significantly better than the 
independent model, indicating the models were still able to capture the correlation 
structure between the traits (so randomizing the genotypes does not affect the correlation 
structure between the two traits), but the AIC values for the causal and reactive models 
are now statistically equivalent. That is, the causality between these associated traits can 
no longer be established because the genotypic information was destroyed. 

To demonstrate how this procedure can also be used to discriminate between traits 
related in a causal/reactive way from those related in an independent way (i.e., linked to 
the same QTL but otherwise independent), a data set for traits Q and Z, where both traits 
are strongly linked to the same QTL, but are otherwise independent, was tested using the 
inventive procedure. The results of the analysis are given in Table 3. Here, despite traits 
Q and Z being very strongly linked to the same locus, with trait Q significantly more 
strongly linked to the locus, the independent model fits the data much better than the 
other two alternatives: 



Table 3 



LOD scores 
(Q/Z) 



37.8/21.5 



AIC for model 

306 
(independent) 

9202.8 



AIC for model 
302 (causal) 



9288.5 



AIC for model 
304 (reactive) 



9361.1 



25 



Step 7920. In optional step 7920, a determination is made as to whether the : 
cellular constituents in the candidate causative cellular constituent set are druggable. 
Hopkins and Groom, 2002, Nature Reviews 1, p. 727 provides one definition of a 
druggable target. To develop a definition of a druggable genome, Hopkins and Groom 
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identified the n^Rular targets to rule-of-five compliant coiP>unds. As put forth by 
Lipinski et al, 1997, Adv. Drug Deliv. Rev. 23, 3, a rule-of-five compliant synthetic 
compound (e.g., compounds other than those derived from natural products) has less than 
five hydrogen-bond donors, the molecular mass of the compound is less than 500 
5 Daltons, the lipophilicity is less than 5, and the sum of the nitrogen and oxygen atoms is 
less than 10. A thorough review of the literature by Hopkins and Groom identified 399 
non-redundant molecular targets that have been shown to bind rule-of-five compliant 
compounds with binding affinities below 10 uM. Next, Hopkins and Groom took the 
drug-binding domains of the 399 non-redundant molecular targets and determined the 

10 families that they represent, as captured by their LiterPro domain (Hopkins and Groom, 
2002, Nature Reviews 1, p. 727; Apweiler et al., 2001, Nucleic Acids Res. 29, 37). A 
total of 130 protein families represent the 399 non-redundant molecular targets. These 
protein families are provided in the online supplemental information for Hopkins and 
Groom, 2002, Nature Reviews Drug Discovery 1, p.727 at 

1 5 ww.nature.com/reviews/drugdisc and include G-protein coupled receptors, 

serine/threonine and tyrosine protein kinases, zinc metallo-peptidases, serine proteases, 
nuclear hormone receptors and phosphodiesterases. Thus, in one embodiment of the 
present invention step 7920 comprises determining whether each cellular constituent in 
the candidate causative cellular constituent set includes a draggable domain as defined by 
20 Hopkins and Groom. 

Other methods for defining whether a given cellular constituent includes a 
draggable domain are available and any such definition can be used in optional step 7920. 
For example, in a comprehensive review of the accumulated portfolio of the 
pharmaceutical industry, Drews, 1996, Nature Biotechnol. 14, 1516 and Drews and 

25 Ryser, 1997, Nature Biotechnol. 15, 1318 identified 483 molecular targets and concluded 
there could be 5,000-10,000 potential targets on the basis of an estimate of the number of 
disease related genes. See, Drews, 2000, Science 287, 1960. Thus, in one embodiment of 
the present invention, the molecular targets identified by Drews are considered the class 
of cellular constituents that have a draggable domain. In still another embodiment of the 

30 present invention, the class of cellular constituents that have a draggable domain are any 
cellular constituents that are the molecular target of any drug product that has been 
approved under section 505 of the United States Federal Food, Drag, and Cosmetic Act. 

Step 7922. In optional step 7922, the cellular constituents in the candidate 
causative cellular constituent set are ranked and filtered based on the rank assigned in step 
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7916 and/or thMftdts of steps 7918 and 7920. A purpose^Bptional step 7922 is to 
reduce the number of cellular constituents under consideration as molecular targets of a 
therapeutic drug discovery program directed at alleviating the trait under study. As such, 
optional ranking step 7922 serves to prioritize the cellular constituents and/or filter out 
5 cellular constituents from the candidate causative cellular constituent set. In some 

embodiments, for example, the only cellular constituents that are allowed to remain in the 
candidate causal cellular constituent set are those cellular constituents that (i) are highly 
ranked in step 7916 (ii), have the null hypothesis of causality accepted in step 7918 for all 
their associated eQTL that overlap a trait cQTL, and, optionally, (iii) have a druggable 

10 domain as determined by step 7920. In some representative embodiments, a high rank 
means within the top 300, top 200, top 20%, or top 10% of the cellular constituents in the 
candidate causal cellular constituent set. 

Step 7924. The preceding steps describe an analysis of a candidate causal cellular 
constituent set in order to identify cellular constituents that are causal for a trait of 

1 5 interest. However, the causality test of step 79 1 8 can easily be rewritten to determine 
whether (i) each eQTL, linked to a trait of interest T, and (ii) a cellular constituent in the 
candidate causal cellular constituent set, are correlated conditional on the disease trait in 
the plurality of organisms. Thus, in addition to determining whether a cellular constituent 
is causal for a trait, the methods of the present invention can be used to determine 

20 whether a cellular constituent is reactive to a trait of interest T. Further, the causality test 
of step 7918 can easily be rewritten to determine whether (i) the trait of interest T, and (ii) 
a cellular constituent in the candidate causal cellular constituent set are correlated 
conditional on the QTL common to both traits. This last test determines whether a QTL 
common to the trait of interest T and cellular constituent trait drives each of the traits 

25 independently, so that the cellular constituent trait is neither causal nor reactive to the trait 
T of interest. Information on which genes are causal and which genes are reactive for a 
trait of interest can be used to reconstruct a genetic network using Bayesian analysis. 

Section 5.19.5, below, outlines methods that can be used to validate the hypothesis 
that certain cellular constituents are either causal or reactive to a trait of interest. Further, 
30 multivariate analysis can be used to determine whether such cellular constituents act in 
concert, in the form of a biological pathway, in order to affect the trait under study; In 
one embodiment in accordance with the present invention, the degree to which each high 
ranking cellular constituent makes up a candidate pathway group that affect the trait of 
interest (or are affected by the trait of interest) is tested by fitting a multivariate statistical 
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model to the e(^Wof the high ranking cellular constituents^Riltivariate statistical 
models have the capability to consider multiple quantitative traits simultaneously, model 
epistatic interactions between the QTL and test other interesting variations that test 
whether a group of cellular constituents belong to the same or related biological pathway. 
5 Specific tests can be done to determine if the traits under consideration are actually 
controlled by the same QTL (pleiotropic effects) or if they are independent. 

Importantly, multivariate statistical analysis can be used to simultaneously 
consider multiple traits. This is of use to determine whether the traits are genetically 
linked to each other. Accordingly, in such embodiments, the eQTL of high ranking 
10 cellular constituents can be subjected to multivariate statistical analysis in order to 

determine whether the QTL are all genetically linked. Such an analysis can determine 
that some of the QTL in the cluster found in the QTL interaction map are, in fact, linked 
whereas other QTL in the cluster are not linked. 

Multivariate statistical analysis can also be used to study the same trait from 
15 multiple tissues. Multivariate statistical analysis of the same trait from multiple tissues 
can be used to determine whether genetic linkage varies on a tissue specific basis. Such 
techniques are of use, for example, in instances where a complex disease has a tissue 
specific etiology. Exemplary multivariate statistical models that can be used in 
accordance with the present invention are found in Section 5.6. 

20 

5.19.4. CAUSALITY TEST 

This section provides more details on the causality test that is applied in step 7818 
of Fig. 78B. Let G be a gene expression trait for some gene g , and let T be a clinical 
trait. For the correlation between G and T, it is of interest to determine those genetic 
25 and environmental components driving the association, and it is of interest to determine 
whether an assessment can be made in a genetics context as to whether one trait drives the 
other. That is, does one of the relationships depicted in Fig. 84A hold. 

It is not possible to look at these two traits in isolation and determine whether 
either one of the cases depicted in Fig. 84A holds. In the more classical graphical 
30 modeling context, where the aim is to reconstruct a complex network, different graphical 
structures are assessed and edges are weighted and directed in such structures using 
mutual information measures that examine all adjacent triplets (say, X 9 Y 9 and Z ), where 
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ait or clinical trait in the 



these variables 



;ent any combination of QTL, express: 



graph where the topology of the graph is constrained a priori to satisfy certain 
mathematical conditions. 

Without the genetic information described herein this network reconstruction 
5 problem is difficult because many of the different possibilities that are considered are not 
distinguishable. For instance, consider the three possible relationships among three traits 
of interest depicted in Fig. 84B. Cases (i) and (ii) are not distinguishable because they 
have the same dependency structure. This presents problems for reliable reconstruction 
of genetic networks given correlation data alone, since in many instances it will simply 
10 not be possible to direct edges (directing the edges in such graphs establishes the cause 
and effect relationships of interest to us in reconstructing pathways associated with 
disease). 

The embodiment of the invention outlined above, and illustrated in Fig. 78, has 
the significant advantage in that gene expression data and clinical traits are linked to 

1 5 quantitative trait loci (QTL). The QTL information provides a powerful filter that allows 
for the rapid restriction of attention from all significantly correlated cellular constituents 
and trait values to those subsets of cellular constituents and traits that are under the 
control of a common set of QTL. The triplets described in Fig. 84B then become QTL 
and traits and it is possible to initially direct an edge between the QTL and a single trait 

20 by definition of a QTL, and then test all other traits pair wise as discussed below to 

determine how the trait pairs are positioned relative to one another. For instance, going 
back to the case of a clinical trait T linked to a QTL Q , the relationship between Q and T 
can be immediately fixed as illustrated in Fig. 84C. The relationship in Fig. 84C holds 
because Q is a QTL for T , and the QTL provides the direction of the relationship (T 

25 depends from Q) since Q is causal for T (e.g., variations in the DNA at the QTL location 
lead to variations in T ). To position a given gene expression trait, G , that is correlated 
with T , all that is required is a test for mutual independence of Q and T given G . That 
is, if T and Q are independent given G , then the (Q,T 9 G) triplet has the form depicted 

in Fig. 84D. However, lack of independence given G indicates one of the alternative 
30 possibilities given by Fig. 84E. 

The methods discussed below can be applied to determine which of the two 
structures (Fig. 84D versus Fig. 84E) is supported by the data. 
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More Wally, a determination of whether T is cSBated with the genotypes at 
Q, conditional on G is desired in order to assess if the following property holds: 

P{T,Q\G) = P(T\G)P{Q\G). 

This property is satisfied only if Tand Q are conditionally dependent upon G. For formal 
5 theoretical support for this conditional dependence property, see Pearl, 1 988, 

Probabilistic Reasoning In Intelligent Systems: Networks of Plausible Inference, Revised 
Second Printing, Morgan Kaufinann Publishers, Inc., San Francisco, California, Section 
3.1.2. This conditional dependency property is related to the mutual information measure 
that is typically used in network reconstruction problems: 

I(T,Q\G)= £ P(T,Q,G)log( n , P ( T f[ G ) ) 
t^o yP{T\G)P{Q\G)j 

where the summation symbol indicates the continuous variables T and G have been 
discretized to allow for efficient computation over complicated graph structures, as is 
usually done in network reconstruction problems. The use of mutual information is the 
reduction in uncertainty about one variable due to the knowledge of the other variable. 
See, for example, Duda et al, 2001, Pattern Classification, John Wiley & Sons, Inc., 
New York, p 632. 

While the mutual information measure is useful in more general network 
reconstruction problems, the problem addressed by the instant causality test is 
significantly more simple than the general case because of the novel requirement that T 
20 and G are both linked to Q. This novel requirement leads to a more robust and more 

powerful test for causality. The' purpose of the causality test of the present invention is to 
position a cellular constituent on the causal or reactive side of a clinical trait of interest, 
which can be accomplished by testing for independence of T and Q , conditional on G , 
as discussed above. 

25 In developing a test for independence, a few observations help clarify the specifics 

of such a test. First, it is assumed a priori that G and T are significantly correlated to Q . 
That is, these quantitative traits both have QTL at position Q that give rise to significant 
LOD scores. Second, it is noted that 

P{T,Q\G) = P{T\Q,G)P(Q\G), 

30 so that 
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~ P(T 9 Q\G) = P(T\ G)P(Q | G™ 

if and only if 

P(T\Q 9 G) = P{T\G\ 
whenever P(Q\G) > 0. 

These relationships follow from the conditional independence of T and Q given G. 
Therefore, the term P{Q | G) can be ignored and the focus can center on the single 
conditional probability. What this last equation implies is that if that portion of the 
correlation between T and Q that can be explained by the correlation between G and Q 
is conditioned out, then a determination can be made as to whether the remaining 
correlation between T and Q is still significant If not, then it is expected that a 
significant QTL for T \ Q and G | Q will arise, but that no significant QTL for T\Q 9 G 
will arise. By forming the loglikelihood ratio based on these two probability densities, 
the significance of the resulting LOD score can be used as the significance level for the 
test of independence. 

Before forming the conditional likelihoods based on the conditional probability 
density functions discussed above, the likelihood for G and T for a single animal in an 
F 2 population are formed, where G and T are taken to be jointly normally distributed, 
allowing for dependency between G and T . Under the null hypothesis of no correlation 
between (T,G) and genotypes at location Q, the likelihood for animal i is: 

1 



20 /ft;f f ,«) = 



rexp 







2(l-p>) 





cr T a G 



where 0 O =(ju T9 /i G9 cr T9 o' G9 p) is the parameter vector for the likelihood, and p is the 

correlation between G and T . Under the alternative hypothesis where G and T are 
correlated with Q , the likelihood is: 



7=1 
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6 A ^(^^Mt^^T^^Mg^Mgq^Mgq.^T^G^p), 

and p(Qj ) is the probability of genotype Q. at locus Q . Given these likelihoods for the 

individual animals in an F 2 population, the full likelihood over all N animals for the null 
and alternative hypotheses, respectively, are: 

L{e^G 9 T)^f[l{e Q ;g iA ) 
1=1 

and 

L{e A >G,T\Q)=f[i{e A - gi , ti \Q). 



For each likelihood defined above the maximum likelihood estimates for 0 O and 0 k , 
6 0 and 0 A are obtained. The likelihood ratio statistic is: 

f L(e 0 ;G,T) % 



L(0 A ;G,T\Q) 



10 which is z 2 distributed with fom degrees of freedom. 

With these maximum likelihood estimates in hand for the null and alternative 
hypotheses, it is possible to compute the conditional likelihoods that are needed to assess 
conditional independence of T and Q . The form of the conditional likelihood for T \ G 
(the conditional likelihood under the null hypothesis) for a single animal is: 

i (t-b) 



/'(<U,U)=- 



^(l-p*) 6 ^ 2^(l-p 2 ) 



where & = ju T + p ^L.{z t - fx G ). The corresponding conditional likelihood under the 



alternative hypothesis is: 

l , {pAM t \g i ,Q) = i d P{Q J ) 



exp 



2cr 2 T (l-p 2 ) 
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where b = Mr Qj + P^-(g t -M Gej ) • The foil likelihoods are: 



r(a o ;T\G)=Ylr(0 o ;t i \ gi ) 

and 

L\9 A ;T\G,Q) = flV{e A ; ti \ gi ,Q). 



1=1 

Finally, from this, the conditional likelihood ratio test statistic of interest is obtained: 



Zi?' = -21n 



L\e^T\G) 



5 where 0 O and 0 A are the maximum likelihood estimates obtained from L 0 and L A defined 
above. 

5.19.5. TARGET VALIDATION 

The methods of the present invention can be used to associate a cellular 

10 constituent with a complex trait. This section discloses techniques that can be used to 

validate such cellular constituents identified using the techniques of the present invention. 
In some embodiments, gene knock-out / knock-in mice or transgenic mice are employed 
for such validation. In some embodiments, in vivo siRNA is used to validate such genes. 
See, for example, Cohen et aL, 1997, J. Clin. Invest. 99, p. 1906; Xia, et aL, 2002, Nature 

15 Biotechnology 20, p. 1006; Harmon, 2002, Nature 418, p. 244; Carthew, 2001, Current 
Opinion in Cell Biology 13, p. 244; Paddison, 2002, Genes & Development 16, p. 948; 
Paddison & Hannon, 2002, Cancer Cell 2, p. 17; Jang et aL, 2002, Proceedings National 
Academy of Science 99, p. 1984; and Martinez et ah, 2002, Proceedings National 
Academy of Science 99, p. 14849. 

20 In some embodiments, before a putative target cellular constituent is biologically 

validated in mice, association studies can be carried out in human populations to provide 
a source of validation in humans. Associating a gene in a human population with a 
clinical trait, where the gene in mouse 1) was physically co-localized with a cQTL fpr the 
corresponding clinical trait in a segregating mouse population, 2) gave rise to a cis-acting 

25 QTL with respect to its transcription, and 3) was significantly genetically interacting with 
the clinical trait QTL, is itself a very powerful validation of a gene's role in the complex 
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trait of interes^Re, also, United States Provisional PateiSf plication 60/436,684 filed 
December 27, 2002. The combined validation in mouse and human provides all that is 
necessary to move a target forward in a discovery program. Even in cases where the 
causal gene is not itself draggable, draggable targets driven by the causal gene can be 

! identified by examining those targets that have eQTL that co-localize and are interacting 
with eQTL for the causative gene. This speaks to the more general use of the combined 
genetics/gene expression approach to reconstruct genetic networks. 



5.20. DRUG DISCOVERY PARADIGM THAT INVOLVES THE 
10 COMBINATION OF GENETIC, FUNCTIONAL GENOMIC AND CLINICAL 

DATA 

Novel techniques for associating genes with complex traits using cross species 
data have been disclosed in the Sections above. This section describes a novel drug 
discovery paradigm that uses cross species data to identify potential drag target 
15 candidates for drug discovery programs. Further, this section describes techniques for 
validating these potential drug target candidates. An illustration of a novel paradigm in 
accordance with one embodiment of the present invention is disclosed in Fig. 69. 

Step 6902. The drug discovery paradigm begins with step 6902 where a 
therapeutic area or disease is selected. The paradigm is particularly useful for associating 
20 genes with complex diseases such as those described in Section 5. 12, above. 

Step 6904. In step 6904, inbred strains that are discordant for the phenotype of 
interest (e.g., the complex trait) are used to construct genetic crosses that are phenotyped 
and genotyped. Further, tissues relevant to the disease selected in step 6902 are obtained 
from the crossed progeny and the levels of a plurality of cellular constituents in these 
25 tissues are measured. Representative forms of cellular constituents that can be measured 
in step 6904 are described in Section 5.1. Step 6904 produces three forms of data for an 
inbred population. They are phenotypic data, expression data and genotypic data. 

Step 6906. In step 6906, a human population, or some other form of outbred 
population, is identified and relevant tissues from family based samples with disease 
30 related phenotypes are collected for expression profiling and for construction of genome- 
wide genotyping. Step 6906 produces three forms of data for an outbred population. 
They are phenotypic data, expression data and genotypic data. 

Step 6908. In step 6908, the individuals are profiled in order to identify a disease 
associated pattern. In one approach, in accordance with step 6908, the population 
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observed in stJRo4 (or step 6906) is stratified based on^Riical trait that is relevant to 
the disease selected in step 6902. Then, the upper and lower extremes of this stratified 
population are considered. Specifically, those genes that are the most differentially 
expressed in the upper and lower extremes of the stratified population are selected. This 
5 set of genes can be considered the most transcriptionally active set of genes for the 

population falling in the tails of the clinical trait distribution. This set can be termed the 
"active set". The selection of the active set is not biased by selecting genes based on their 
ability to (hscriminate between the clinical trait extremes. 

The active set is used to help define the clinical trait under study. Expression 
1 0 vectors for each of the genes in the active set are constructed. Each expression vector 
includes the expression value of a given gene in the active set across the organisms in the 
identified population. Then, the expression vectors are subjected to two-dimensional 
cluster analysis. On the first axis (e.g., the x-axis), the expression vectors for each of the 
genes in the active set are clustered. To form the clustering on the other axis (e.g., the y- 
15 axis), an organism vector is constructed for each of the organisms in the population. Each 
such organism vector includes the expression value for each of the genes in the active set. 
The organism vectors are clustered along the y-axis. Thus, the first axis clusters genes 
that express similarly across the population and the second axis clusters organisms that 
have similar gene expression values for the active set. Each x,y coordinate in the two- 
20 dimensional graph represents a cellular constituent level for a gene in a given organism. 
In some embodiments, each x,y coordinate in the two-dimensional graph is color coded to 
indicate the expression level of the gene in the given organism relative to a reference 
pool. An example of this form of two-dimensional cluster analysis is provided in Section 
5.19. 

25 The two-dimensional cluster analysis allows for the determination of subgroups in 

the population. Clearly such subpopulations will be defined by clusters on the second 
axis (e.g., y-axis). However, the patterns produced by the clustering on the first axis aid 
in defining the subpopulations on the second axis. Namely, each subgroup on the second 
axis should have similar patterns of expression across the active set. In Fig. 59, for 

30 example, the y-axis was not clustered based on a clinical trait. Nevertheless, the mice on 
the y-axis cluster into distinct phenotypic groups. The first set is the low fat pad mass 
group. The low fat pad mass group is defined by two factors. First, the low fat pad mass 
group define a cluster on the y-axis. Second, genes in the low fat pad mass group that are 
in set 5902 tend to be green-shifted relative to the reference pool whereas genes in set 804 
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tend to be red^Pted relative to the reference pool. The JJBssion pattern of the genes 
in the 280 member set along the y-axis serve to validate that the low fat pad mass group is 
not, in fact, a composite of two or more subgroups. Continuing with this form of 
analysis, two other groups (high fat pad mass 1 and high fat pad mass 2) are defined on 
) the y-axis and validated by the partem of expression along the y-axis as summarized in 
the following table: 



Name 


Y-axis 


X-axis - gene set 802 


X-axis -gene set 804 


Low PPM 


Cluster 5910 


Green 


Red 


High FPM 2 


Cluster 5912 


Green 


Red 


High FPM 1 


Cluster 5914 


Green/red 


Green 



Step 6910. In step 6910, the underlying genetics of genes involved in the patterns 
identified in step 6908 are evaluated. For example, the groups of organisms identified in 

10 the analysis above {e.g., low FPM organisms, high FPM 1 organisms, high FPM 1 

organisms) can be subjected to independent quantitative genetic analysis. For example, 
those classified as high FPM group 1 or low FPM, and 2) those classified as high FPM 
group 2 or low FPM can each independently be subjected to quantitative analysis. In this 
quantitative analysis, the phenotypic trait associated with the disease selected in step 6902 

15 (e.g., FPM) is analyzed using the subpopulations identified in the two-dimensional cluster 
analysis rather than the whole population. Several forms of quantitative genetic analysis 
are possible. First, a clinical trait can be used to derive clinical QTL (cQTL). Second, 
expression values for the genes can be used to derive eQTL. 

Regardless, of whether clinical or expression values serve as quantitative traits, 
20 the exact forms of quantitative genetic analysis used in step 6910 will depend on the type 
of phenotypic data that is available. Inbred populations (or subpopulations) can be 
profiled using linkage analysis as described in Section 5. 13 or any of the techniques 
described in Chapter 15 of Lynch and Walsh, 1998, Genetics and Analysis of Quantitative 
Traits, Sinauer Associates, Inc., Sunderland, MA. Outbred populations (or 
25 subpopulations) can be profiled using association analysis techniques described in Section 
5.14 or any of the techniques described in Chapter 16 of Lynch and Walsh, 1998, 
Genetics and Analysis of Quantitative Traits, Sinauer Associates, Inc., Sunderland, MA. 
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The purpose o^Rp 6910 is to identify cQTL and eQTL thURe associated with the 
disease selected in step 6902. 

Step 6912. In step 6912, the genetics of the disease associated pattern is 
intersected with the genetics of disease related traits to identify key drivers. Steps 6902 
5 through 691 0 serve to identify patterns of expression associated with a clinical trait 

related to the disease under study. The quantitative genetic analyses identify genetic loci 
(eQTL and/or cQTL) that control subtypes of the disease. However, such techniques do 
not, by themselves, lead to identification of the underlying QTL of interest. Genes 
underlying QTL controlling for a clinical trait can cause variation in the trait through 
10 polymorphic transcription due to DNA polymorphisms. Such genes can be identified by 
combining genetics with gene expression. 

In one approach in accordance with step 6912, eQTL that colocalize with cQTL 
and with the physical location of the gene whose transcription gives rise to the eQTL are 
identified. In cases where the gene underlying a QTL for a clinical trait controls the 

1 5 variation of that trait through variation in transcription associated with DNA 

polymorphisms in the gene itself, the expression of that gene treated as a quantitative trait 
should give rise to an eQTL coincident with the cQTL. Depending on the degree of 
heritablity of the clinical and expression traits, and the percentage of variation of the trait 
explained by the cQTL, it is not expected that the clinical trait values and the expression 

20 values will be significantly correlated, even if variation in transcription of the gene causes 
variation in the clinical trait. However, significant genetic correlation between the 
clinical trait QTL and gene expression traits is expected in such cases. Therefore, testing 
for interaction between the clinical trait QTL and the gene expression QTL can identify 
candidate genes underlying the cQTL for the clinical trait of interest. 

25 Techniques that simultaneously analyze multiple QTLs can be used to identify 

whether eQTL and cQTL are linked. Such techniques include marker-difference 
regression (also known as marker regression or joint mapping). See, for example, 
Kearsey and Hyne, 1994, Theor. Appl. Genet. 89, p. 698; Wu and Li, 1994, Theor. Appl. 
Genet. 89, p. 535. Such techniques further include interval mapping with marker 

30 cofactors. See, for example, Jansen, 1992, Theor. Appl. Genet, 85, p. 252; Jansen, 1993, 
Genetics 135, p. 205; Zeng, 1993, Proc. Natl. Acad. Sci. USA 90, p. 10972; Zeng, 1994, 
Genetics 136; p. 1457; Stam, 1991, Proceedings oj the Eight Meeting oj 'the Eucarpia 
Section Biometrics on Plant Breeding, Brno, Czechoslovakia, pp. 24-32; Jansen, 1995, 
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Theor. AppL^Pet. 91, p. 33; van Ooijen, 1994, in van (SPn and Jansen (eds.), 
Biometrics in plant breeding: applications of molecular markers, pp. 205-212, CPRO- 
DLO, Netherlands; and Utz and Melchinger, 1994, in van Ooijen and Jansen (eds.), 
Biometrics in plant breeding: applications of molecular markers, pp. 195-204, CPRO- 
5 DLO, Netherlands. Such techniques further include multiple-trait extensions to 

composite interval mapping given by Jiang and Zeng. See, for example, Jiang and Zeng, 
1995, Genetics 140, p. 1 1 1 1; and Ronin, et al, 1995, Theor. Appl. Genet. 90, p. 776. 

Step 6914. In step 6914, each gene identified in step 6912 is Validated using an 
association analysis in an independent population. The type of association analyses used 
10 in step 69 14 can be, for example, any of the various forms of association analyses 

described in Section 5.14, above. Further, any of the techniques described in Chapter 16 
of Lynch and Walsh, 1998, Genetics and Analysis of Quantitative Traits, Sinauer 
Associates, Sunderland, MA, can be used in step 6914. 

Step 691 6. In step 6916, each gene identified in step 6912 is validated using 
15 advanced crosses, congenic strains or similar modeling systems. Congenics are useful for 
validations in step 6916. Once a QTL is identified for the trait of interest, the strain 
whose congenic region covers the QTL region can be identified and studied with respect . 
to the same phenotype. Further, more complicated genetic models can be constructed 
using the congenics, based on QTL results from, for example, an F2 cross. For example, 
20 suppose two strongly interacting QTL were identified from the F2 cross. The congenic 
strains covering the two QTL regions could be bred to construct a new congenic strain 
that had two congenic regions, each covering one of the QTL of interest. These mice 
could then be studied with respect to the phenotype of interest. The advantage to this sort 
of construction is that the congenic strains are stable and can be constantly bred to 
25 generate progeny that are genetically identical (unlike the F2 populations, where there is 
no hope of recovering the same genetic background). 

Step 6918. In step 6918, synteny (comparative mapping) can be used to provide 
an informed selection of targets. For example, putative candidates identified (and 
possibly validated) in one species using the steps described above can be mapped to 
30 orthologs in another species using a comparative genetic map between the two species. 

Then a determination can be made as to whether the region in the second species has been 
associated with the disease in the second species. 
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This st^Py was employed by Schadt et aL, 2003 ,Vhre 422, p. 297 to increase 
confidence in mouse chromosome QTL tentatively associated with obesity. The mouse 
loci was homologous to human chromosome 20ql2-ql3.12, a region that has previously 
been linked to human obesity-related phenotypes. The human orthologs for the 
5 candidates identified in the mouse also reside in the human chromosome 20 region. 

Step 6920. Not all genes linked to a disease serve as drugable targets. For 
example, genes that encode for proteins such as transcription factors may not be ideal 
targets for a drug discovery program even when their linkage to a disease of interest has 
been validated. Thus, step 6920 serves to analyze genes that have been linked to a 
10 disease of interest to determine if they are suitable targets for drug discovery. 

Step 6922. In step 6922, gene targets are further validated by techniques such as 
gene knock-out / knock-in mice, transgenic mice, or RNAi techniques. Figure 70 
provides a hypothetical example of a validation strategy in accordance with one 
embodiment of the present invention. In this example, genes Yl through Y4 are genes 

1 5 that are part of an expression pattern associated with a complex trait of interest. The 
upper panel plots the lod score curves for the four genes for a particular chromosome, 
where the cluster of eQTL depicted are coincident with a cQTL for the complex trait. By 
examining genes that physically reside in the QTL support interval, those genes that have 
cis-acting eQTL that are significantly genetically interacting with the other eQTL/cQTL 

20 are identified. These genes represent the potential causative genes underlying the 

cQTL/eQTL. Gene X in Fig. 70 highlights one such example. By knocking gene X out 
using in vivo small interfering RNA (siRNA) methods, the siRNA knock-out a nim als can 
be profiled and the genetic signatures of the original genes making up the eQTL cluster 
examined. Various siRNA knock-out techniques (also referred to as RNA interference or 

25 post-transcriptional gene silencing) are disclosed, for example, in Xia, et aL , 2002, Nature 
Biotechnology 20, p. 1006; Hannon, 2002, Nature 418, p. 244; Carthew, 2001, Current 
Opinion in Cell Biology 13, p. 244; Paddison, 2002, Genes & Development 16, p. 948; 
Paddison & Hannon, 2002, Cancer Cell 2, p. 17; Jang et aL, 2002, Proceedings National 
Academy of Science 99, p. 1984; Martinez et aL, 2002, Proceedings National Academy 

30 of Science 99, p. 14849. 

The lower panel in Fig. 70 higjilights what is expected if gene X were in fact 
driving the eQTL cluster shown in the upper panel. That is, the disappearance of the 
eQTL cluster would validate gene X's role as the causal factor underlying the expression 
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pattern associ^^vith the complex trait, and thus, would^TOify its role as a key driver 
for the corresponding complex trait. If the complex trait were a disease like obesity, then 
validating a gene for the obesity trait directly would require the construction of, say, a 
knock out animal for that gene, which is a lengthy process. However, by defining the 
complex trait in terms of expression patterns, the candidate gene can be perturbed in more 
specialized ways and the effects on the expression pattern observed, which can happen in 
a much shorter time frame. 



5.21. TEST FOR PLEIOTROPY 

10 In some embodiments, a determination is made as to whether the coincidence 

between an eQTL and a respective cQTL arises through pleiotropy or close linkage 
between QTL. When a determination is made that the coincidence between an eQTL and 
a respective cQTL is the result of two closely linked QTL, association between the 
cellular constituent corresponding to the eQTL and the trait corresponding to the cQTL is 

15 not made. In some embodiments, a test for pleiotropy comprises comparing a model for 
the null hypothesis, indicating the result of pleiotropy, to a model for the alternative 
hypothesis, indicating two closely linked QTL. . 

In some embodiments, the model for the null hypothesis is: 



20 



where 

Q is a categorical random variable indicating the genotypes at the position of the 
eQTL and the cQTL in the plurality of organisms; 



v 



is distributed as a bivariate normal random variable with mean \ 



and 



2 > \ 

; and 



25 covariance matrix 

IM and p { are model parameters. 



cr x cr,<r 2 



In some embodiments, the model for the alternative hypothesis is- 

CH3-G SBM& 
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Qj and Q 2 are categorical random variables indicating the genotypes at the 
position of the eQTL and the cQTL in the plurality of organisms; 



\*2 



covariance matrix 



i 

is distributed as a bivariate normal random variable with mean 



r 0 y 



and 



cx,<j 2 



;and 



\M and Pi are model parameters. 



15 



In some embodiments the model for the alternative hypothesis is: 



(A AY QA 

\a aAqJ 



f o \ 



\ s 1j 



10 wherein 

Qi and Q2 are categorical random variable indicating the genotypes at the position 
of the eQTL and the cQTL in the plurality of organisms; 



is distributed as a bivariate normal random variable with mean I ! and 

0 ' 



covariance matrix 



^2 



v cr 2 cr, 



Hi and Pi are model parameters; and 
one of the conditions (i) through (iv) is valid: 



(i) p! ;*0, p 4 p 2 = 0, and p 3 = 0; 

(ii) pi ^ 0, p 4 ^ 0, p 2 ,*0, and p 3 = 0; 

(iii) pi *0, p 4 5*0, p 2 = 0, and p 3 ^0; and 

(iv) Pi ^0, p 4 p 2 5*0, and p 3 5*0. 



In some embodiments the loglikelihood for the null hypothesis and the alternative 
hypothesis are maximized with respect to the model parameters (ju it fij, and cr k ) using 
25 maximum likelihood analysis. After maximum likelihood estimates are obtained for each 
model, the likelihood ratio test statistic between the competing models is formed and the 
test statistic is used to determine whether the model for the alternative hypothesis 
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provides for a^Pstically significant better fit to the data flffthe model for the null 
hypothesis. 



6. EXAMPLES 

The following examples are presented by way of illustration of the invention and 
are not limiting. 



6.1. EXEMPLARY SOURCES OF GENOTYPE AND PEDIGREE DATA 

Mice. The methods of the present invention are applicable to any living organism 
1 0 in which genetic variation can be tracked. Therefore, by way of example, genotype 
and/or pedigree data 68 (Fig. 1) is obtained from experimental crosses or a human 
population in which genotyping information and relevant clinical trait information is 
provided. One such experimental design for a mouse model for complex human diseases 
is given in Fig. 5. In Fig. 5, there are two parental inbred lines that are crossed to obtain 
15 anFi generation. The Fi generation is intercrossed to obtain an F2 generation. At this 
point, the F2 population is genotyped and physiologic phenotypes for each F2 in the 
population are determined to yield genotype and pedigree data 68. These same 
determinations are made for the parents as well as a sampling of the F 2 population. 

Human populations. The present invention is not constrained to model systems, 
20 but can be applied directly to human populations. For example, pedigree and other 
genotype information for the CBPH family is publicly available (Center for Medical 
Genetics, Marshfield, Wisconsin), and lymphoblastoid cell lines from individuals in these 
families can be purchased from the Coriell Institute for Medical Research (Camden, New 
Jersey) and used in the expression profiling experiments of the instant invention. The 
25 plant, mouse, and human populations discussed in this Section represent non-limiting 
examples of genotype and/or pedigree for use in the present invention. 



6.2. IDENTIFICATION OF REGIONS THAT BROADLY CONTROL 

TRANSCRIPTION 

The genome-wide consideration of all genes as quantitative traits, representation 

of individual QTL analysis results in a database, and summarizing the degree of overlap 

among all genes at all positions where a QTL analysis was run enables the identification 

of regions that very broadly control transcription. For a given organism, this allows for 
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the identificat^f regions that potentially control for baSfevel transcription levels 
across most genes that are expressed. An important utility that is provided by the 
methods of the present invention is the identification of those genes that control 
biological pathways and / or interactions between biological pathways as well as the 
5 separation of these genes from genes that are simply responding to the signals propagated 
by the potentially small set of genes. 

Some approaches seek genes that have significantly co-regulated expression 
patterns over a number of relevant conditions. Many forms of cluster analysis and other 
pattern detection schemes are used to uncover such patterns. Then, techniques such as 
multivariate analysis are used to determine whether these co-regulated genes participate 
in the same biological pathway {e.g., whether these genes genetically interact or control 
each other). That is, multivariate techniques are used to determine whether such genes 
are trans acting. However, most strongly genetically controlled genes are actually the 
least similar, least co-regulated with respect to other genes because their expression 
1 5 patterns are independent of the expression patterns of other genes. Therefore, it is 
expected that trans acting genes (e.g., genes acting on other genes to affect gene 
transcription) are harder to detect than cis acting genes. An example of a cis acting gene 
is a gene in which variation within the gene affects transcription of the gene itself. The 
methods of the present invention allow for the identification of trans acting genes. The 
identity of trans acting genes further elucidates control of pathways and disease etiology 
since they are ostensibly important to the proper functioning of so many pathways. 



20 



25 



30 



6.3. IDENTIFYING GENES UNDER GENETIC CONTROL IN SMALL 

POPULATIONS 

In this example 56 individuals from four CEPH reference families (Dausset, 1990 
Genomics 6:575-577) were selected for expression profiling of lymphoblastoid cell lines 
using a standard 25K human gene oligonucleotide microarray. The 25K human gene 
oligonucleotide microarray is described in van't Veer et al, Nature 415, 530-536 as well 
as Hughes et al, 2001, Nat. Biotechnol. 19, 342-347. Briefly, labeled cRNAs were 
fragmented to an average size of approximately 50-100 nucleotides by heating at 60°C in 
the presence of 10 mM ZnCl 2 , added to hybridization buffer containing 1M NaCl, 0.5% 
sodium sarcosine, 50mM MES, pH 6.5, and formamide to a final concentration of 30%, 
final volume 3 ml at 40°C. The 25K human gene oligonucleotide microarray represents 
24,479 biological oligonucleotides plus 1,281 control probes. 
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77 and 1408, consisted of 



The foi 



ilies, CEPH/Utah pedigrees 1362, 13 



10 



15 



20 



25 



large sibships along with parents and grandparents. These CEPH families have served as 



construction. Hence, extensive genotype data is publicly available for these families. 

Lymphoblastoid cell lines from CEPH/Utah pedigree families 1362,1375,1377 
and 1408 were obtained from Coriell Cell Repositories, Camden, NJ. Other 
lymphoblastoid cell lines were established from normal donors by immortalization with 
Epstein-Barr Virus (EBV) as described by Tosatio, Generation ofEpstein-Barr Virus 
(EBV)-immortalized B cell lines, Current Protocols in Immunology 1, 7.22.1-7.22.3, John 
Wiley & Sons, New York, 1991 . Cells were cultured in RPMI 1640 medium containing 
15% fetal bovine serum, and penicillin/streptomycin antibiotics (Ihvitrogen Life 
Technologies, Carlsbad, CA). Cells were maintained in the log phase of cell growth for 
at least two days and were harvested at densities of 0.4- 0.9 x 10e 6 cells/ml. Total cellular 
RNA was then purified using an RNeasy Mini kit according to the manufacturer's 
instructions (Qiagen, Valencia, CA). Competitive hybridizations were performed by 
mixing fluorescently labeled cRNA (5 fig) from each CEPH/Utah lymphoblastoid line 
with the same amount of cRNA from a : reference pool, comprising equal amounts of 
cRNA from lymphoblastoid lines established from seven unrelated normal blood donors. ; 
The human microarray contained 24,479 non-control oligonucleotide probes for human 
genes. The hybridizations were performed in duplicate with fluor reversal. 

Array images were processed to obtain background noise, single channel intensity, 
and associated measurement error estimates. Expression changes between two samples 
were quantified as logio (expression ratio) where the 'expression ratio' was taken to be 
the ratio between normalized, background-corrected intensity values for the two channels 
(red and green) for each spot on the array. An error model for the log ratio was applied to 
quantify the significance of expression changes between two samples. See Roberts et al 9 
2000, "Signaling and Circuitry of Multiple MAPK Pathways Revealed by a Matrix of 
Global Gene Expression Profiles," Science 287, 873-880. 

Genotype data for the four CEPH families was obtained from the CEPH Genotype 
database (Murray et al, 1994, Science 265, 2049-2054,). A total of 495 autosomal STR 
polymorphisms were selected for analysis. Polymorphisms were chosen so that 
genotypes were available for all but three or fewer individuals per pedigree with this 
condition being true in at least three of the pedigrees. Marker positions were assigned 



an important scientific resource for polymorphism discovery and human genetic map 
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using a Marshal sex-averaged genetic map (Broman et W^l 998, Am J. Hum. Genet. 
63, 861-869). Variance-components analysis (Amos, 1994, Am J. Hum. Genet. 54, 535- 
543) was used to estimate the heritability of gene expression, as measured by the mean 
logio expression ratio, for each of the 2,726 mRNA that were significantly differentially 
5 expressed in the founders, and to test whether the heritability was significantly different 
from zero. Genes were defined as differentially regulated if eight or more founders had a 
p-value for differential expression less than 0.05. Heritability estimates were obtained by 
maximizing the likelihood assuming a multivariate normal distribution for the vector of 
phenotypes for the pedigree. The null hypothesis of no heritability was tested by 
10 comparing the full model, which assumes genetic variation,, and a reduced model, which 
assumes no genetic variation, using a likelihood ratio test. The above analyses was 
repeated allowing for a shared household effect. All analyses were performed using 
procedures contained in the Sequential Oligogenic Linkage Analysis Routines (SOLAR) 
package (Almasy and Blangero, Am. J. Hum. Genet 62, 1 198-121 1, 1998). 

15 As described above, heritability. analysis was performed for gene expression on a 

subset of 2,726 genes that were significantly differentially regulated within 8 or more of 
the 16 pedigree founders. Due to the relatively small population size, systematic linkage 
analysis- across all genes was not performed. As indicated in Fig. 6, for the differentially 
expressed genes, 29% had a detectable genetic component (Type I error < 0.05). This 

20 result offers a striking glimpse into the genetics of gene expression in humans, with such 
a large percentage of genes detected with significant heritabilities in such a small sample 
of "normal" individuals. The group of genes having a detectable genetic component 
makes good targets for complex human diseases, given the degree of genetic control in 
these genes is so readily identifiable in this small population. A closer look at many of 

25 the genes with most significant heritabilities show that many have already been 

implicated in human complex diseases: 1) Coagulation Factor Xm, associated with 
thrombosis (Franco et aL, 1999, TJiromb. Haemost 81, 676-679) , 2) Vitamin D Receptor 
, associated with osteoporosis (Ralston, 2002, J. Clin Endocrinol Metab 87, 2460-2466), 
3) BCAR1, potentially associated with resistance to breast cancer treatment (Brinkman et 

30 aL, 2000, J Natl Cancer Inst 92, 1 12-120), 4) Glycophorin C, associated with red blood 
cell ovalocytosis and malaria resistance (Mgone et aL, 1996, Trans R Soc Trop Med Hyg 
90, 228-231), 5) Catenin, expressed in colon cancer (Morin et aL, 1997, Science 275, 
1787-1790), and 6) Cubilin null mutations have been associated with hereditary 
megaloblastic anemia (Aminoff et aL, 1999, Nat Genet 21, 309-313). 
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6.4. GENETIC ANALYSIS OF THE MOUSE TRANSCRIPTOME 

The following example illustrates how the methods of the present invention 
uncover significant patterns of gene interactions. In particular, the example demonstrates 
5 how QTL that are linked to quantitative traits {e.g., expression statistic sets 304) cluster to 
specific loci. As defined previously, a QTL is a region of any genome that is responsible 
for variation of a quantitative trait. A QTL that is linked to a given expression statistic set 
304 is referred to as an "expression QTL" or "eQTL". Further, the example illustrates 
how quantitative trait locus analyses can detect several types of transcript abundance 
1 0 polymorphisms, such as differential transcript decay, differential dosing, differential 

splicing, and differential transcription rate. As such, this example illustrates the type of 
information that can be obtain by performing steps 202 through 210 of Fig. 2. 

An F2 intercross was constructed from C57BL/6J and DBA/2J strains of mice. 
All mice were housed under conditions meeting the guidelines of the Association for 
15 Accreditation of Laboratory Animal Care. Mice were on a rodent chow diet up to 12 
months of age, and then switched to an atherogenic high-fat, high-cholesterol diet for 
another four months. See, for example/Drake et al, 2001, Physiol Genomics 5, 205-15, 
which is hereby incorporated by reference in its entirety. Parental and F2 mice were 
sacrificed at sixteen months of age. At death the fivers were immediately removed, 
20 flash-frozen in liquid nitrogen and stored at -80°C. Total cellular RNA was purified from 
25 mg portions using an Rneasy Mini kit according to the manufacturer's instructions 
(Qiagen, Valencia, CA). Competitive hybridizations were performed by mixing 
fluorescently labeled cRNA (5 mg) from each of 1 1 1 F2 fiver samples, 5 DBA/2 J liver 
samples, and 5 C57BL/6J liver samples, with the same amount of cRNA from a reference 
25 pool comprised of equal amounts of cRNA from each of the 1 1 1 liver samples profiled. 

Liver tissues from the 1 1 1 F2 mice constructed from two standard inbred strains 
of mice, C57BL/6J and DBA/2J, were profiled using a 25K mouse gene oligonucleotide 
microarray. The hybridizations were performed in duplicate using fluor reversal. The 
mouse microarray contained 23,574 non-control oligonucleotide probes for mouse genes 
30 and 2,186 control oligos. Full-length mouse sequences were extracted from Unigene 
clusters, build # 91 (Schuler et al, 1996, Science 274, 540-546), and combined with 
RefSeq mouse sequences from June 2001 (Pruitt and Maglott, 2001, Nucleic Acids 
Research 29, 137-140), and RIKEN full-length sequences, version fantom 1.01 (Kawai et 



274 



WO 2004/061616 ^ ^ PCT/US2003/041613 



al, 2001, Nati^R)9, 685-690, 2001). This collection of SHength sequences was 
clustered and one representative sequence per cluster was selected, resulting in 18,597 
full-length mouse sequences. To complete the array, 3' ESTs were selected from 
Unigene clusters that did not cluster with any full-length sequence from Unigene, RefSeq, 
5 orRHCEN. To further down select ESTs, 3' ESTs that had significant homology to 

human genes were chosen, resulting in 4,977 3' mouse ESTs with human homology. To 
select a probe for each gene sequence, a series of filtering steps was used, taking into 
account repeat sequences, binding energies, base composition, distance from the 3' end, 
sequence complexity, and potential cross-hybridization interactions (Hughes et. al, 2001, 
10 Nat Biotechnol. 19, 342-347). For each gene, every potential 60-nucleotide sequence was 
examined and the 60-mer best satisfying the criteria was selected and printed on the 
microarray. 

Array images were processed to obtain background noise, single channel intensity, 
and associated measurement error estimates using the techniques referenced in Hughes, 

15 2000, Cell 102, 109-26. Expression changes between two samples were quantified as 
logio (expression ratio) where the 'expression ratio' was taken to be the ratio between 
normalized, background-corrected intensity values for the two channels (red and green) 
for each spot on the array. An error model for the log ratio was applied to quantify the 
significance of expression changes between two samples. This error model is described 

20 in Roberts et al, 2000, Science 287, 873-880. This error model for the log ratio was 
applied to quantify the significance of expression changes between the two samples. 

The expression values from these experiments were treated as quantitative traits 
and carried through a linkage analysis using evenly spaced markers across the autosomal 
chromosomes, to identify eQTL controlling for transcript abundances in this segregating 

25 population (Fig. 2, step 210). For this QTL analysis, a complete linkage map 70 (Fig. 1) 
for all chromosomes except the Y chromosome in mouse was constructed at an average 
density of 13 cM using microsatellite markers in the manner described by Drake et al. (J. 
Orthop. Res. 19, 511-517, 2001). Linkage maps were constructed and QTL analysis was 
performed using MapMaker QTL (Lincoln, S.E., Daly, M.J. & Lander, E.S., Whitehead 

30 Institute for Biomedical Research, Cambridge, MA) and QTL Cartographer (Basten, 

C.A., Weir, B.S. & Zeng, Z.B., Department of Statistics, North Carolina State University, 
Raleigh, North Carolina, 1999). Log of the odds ratio (lod) scores were calculated at 
2-cM intervals throughout the genome for each of the 23,574 genes represented on the 
mouse microarray. In addition to standard interval mapping techniques employed to 
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detect loci affe^% the gene expression traits ot interest, acHRonal analyses were 
performed to determine whether controlling for genetic background variation using 
makers outside a putative region of linkage and whether multiple traits considered 
simultaneously could increase evidence for linkage. Composite interval mapping 
5 ("CIM") techniques were employed so that markers unlinked with the test position were 
considered as cofactors in the statistical model for marker-trait association. Given 
multiple quantitative traits, CIM analysis can be extended to consider multiple traits 
simultaneously, potentially dramatically increasing the power to detect loci affecting the 
traits of interest. Joint CIM analysis was first described by Jian and Zeng (Genetics 140, 
10 111 1-27, 1995) and is currently implemented in the QTL Cartographer software. 

Of the 23,574 genes represented on the microarray, 7,861 were detected as 
significantly differentially expressed (Type I error = 0.05) in the parental strains or in at 
least ten percent of the F2 mice profiled. That is, the expression values for the candidate 
gene varied across the mouse population. Such behavior is in contrast to the case where a 
15 gene is not significantly differentially expressed across a mouse population because, for 
example, it is always expressed at the same level or is rarely expressed at all. In this 
experiment, genes that are differentially expressed are of interest for use in constructing 
expression statistic sets 304 (e.g., Figs. 3 A and 3B). 

Each of the 7,861 genes that exhibited differential expression were used to 
20 construct a respective expression statistic set 304 (e.g. 9 Figs. 3 A and 3B). That is, each 
set 304 corresponded to the expression value for one of the 7,861 differentially expressed 
genes from each of the 1 1 1 F2 mice. Each set 304 therefore included 1 1 1 expression 
statistics 308 (Figs. 3A and 3B) and each of these expression statistics 308 represented 
the expression value for the same gene from each of the 111 mice. These expression 
25 statistics sets 304 as well as a mouse genetic marker map 78 (Fig. 1) were used as input to 
standard QTL analysis software (Fig. 2, steps 208 and 210). Using such standard QTL 
analysis techniques, eQTL with a lod score greater than 4.3 (P-value < 0.00005) were 
identified for 2,123 genes. The lod scores over this set ranged from 4.3 to 80.0 (pvalue 
« 10" 20 ), among the highest lod scores ever reported for a quantitative trait. On average, 
30 eQTL with lod scores greater than 4.3 explained twenty-five percent of the transcription 
variation of the 7,861 corresponding genes observed in the F2 set, with this percentage 
increasing to nearly 50% for lod scores greater than 7. For any given position, it is 
expected that no false positive eQTL over the 7,861 differentially expressed genes tested. 



276 



WO 2004/061616 ^ ^ PCT/US2003/041613 

If the multiple^Rtions tested for each gene is taken into SBunt, it is expected that only 
393 false positives at a lod score threshold of 4.3. 

In processing all genes with standard interval mapping techniques (without 
filtering on significant differential expression over the set of mice profiled), 4,339 eQTL 
5 over 3,701 genes were detected with lod scores greater than 4.3. When the lod score 

threshold was dropped to 3.0, 1 1,021 genes gave rise to at least one eQTL, with a total of 
17,415 eQTL over this set of genes. The number of eQTL with lod scores exceeding 7.0 
(p-value = 10 -3 ) jumped by 50% when genes that were not detected as significantly 
differentially regulated in ten or more mice were considered (no additional genes at this 

1 0 threshold would be expected by chance). This indicates that, while individual tests of 
hypotheses on the differential regulation of a single gene may not be significant, viewing 
the behavior of that gene by genotype over 111 animals provides sufficiently more 
information on the biological activity of that gene. Of the 965 genes with lod scores 
greater than 7.0, 157 has a maximum log ratio separation among any two mice of less 

1 5 than 0.48. (less than 3.0 fold change), indicating a class of genes whose high lod scores 
reflect tight transcriptional control (small variance), not large expression differences. 
Additionally, 153 genes from this same set of 965. were expressed in mice homozygous 
for one of the parental strains at the genes' location, but not detectably expressed in mice 
homozygous for the other parental strain. 

20 Fig. 68 plots the percentage of eQTL at different lod score thresholds across 920 

evenly-spaced bins, each 2cM wide, covering the mouse genome. The number of eQTL 
in each bin was divided by the total number of eQTL plotted. EQTL hot spots are 
apparent on chromosomes 2, 6, 7, 10, 11 and 17, where for each of these hot spot 
locations, greater than one percent of the total number of eQTL identified genome wide 

25 localize to a 4 cM window. The highly non-uniform nature of this eQTL distribution over 
the chromosomes is not likely to have happened by chance. In fact, with 460 4cM 
windows over the 19 autosomal chromosomes, the probability that greater than one 
percent of the eQTL would localize to one such window is less than 1.2 x 10" 16 . These 
eQTL hot spots could represent loci driving key biological processes critical to the system 

30 under study, as will be discussed below. At a lod score of 4.3, over eighty percent of the 
genes have only a single eQTL, with only 10% of the genes having more than two 
detected eQTL. The view at a lower LDL score threshold represents a slightly more 
complex picture, given the appearance of many more genes under the control of multiple 
loci, with greater than 40% of the genes having more than one eQTL and close to 4% of 
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the gens havin^Bre than 3 detected eQTL. While a 3.0 iSBRore cloes not meet 
genome-wide significance criteria (Lander & Kruglyak, 1995, Nat. Genet. 11, 241-7) in a 
single trait setting, and while this significance is even more questionable in a multiple- 
testing setting where a large number of traits is considered, the pattern of eQTL clustering 
5 to specific loci and the relationship between these genes with respect to expression, when 
taken together, lead to highly significant and interesting patterns that can be associated 
with phenotypes related to common diseases. 

Of the 23,574 genes represented on the mouse array, 18,460 could be reliably 
mapped to a unique autosomal chromosome location using the Celera Mouse Genome 

1 0 database. Of these 1 8,460 mapped genes, 3,007 had eQTL with lod scores greater than 
4.3, and 784 had eQTL with lod scores greater than 7.0. Approximately 34% of the 
mapped genes with eQTL exceeding 4.3 had a physical location coincident with the 
eQTL position, while 71% of the mapped genes with eQTL exceeding 7.0 had a physical 
location coincident with its eQTL position. Due to the unreliable nature of QTL 

1 5 positioning in the type of experimental cross used in this experiment, an eQTL and gene 
were defined as coincident when the physical location of the gene mapped to within 
15cM of its eQTL. By chance, it would be expected that the physical location of genes 
would coincide with their eQTL positions fewer than 2% of the time. Keeping in mind 
that the number of mice considered in the QTL analysis is relatively small, leading to 

20 reduced power in detecting moderate to small QTL effects, the trend observed here is that 
eQTL with high lod scores are cis acting in most cases, while moderately significant QTL 
are transacting in most cases. This is consistent with the expectation that first order 
effects (DNA variations in a gene that affect transcription of the gene itself) are easier to 
detect than second order effects (genes acting on other gens to affect transcription). 

25 There are many possible explanations for significant eQTL identified for 

transcript abundance measurements. While the genetic regulation of transcription 
explains only a percentage of protein diversity, the extent of biologically meaningful 
polymorphisms that can be detected in this setting is surprising. In addition, additive and 
dominance effects in genes whose transcription is polymorphic can be teased apart in 

30 experimental crosses such as the one described in this example. 

Fig. 7 illustrates a plot of the mean loglO expression ratios for the Apo-Al gene 
(lower panel) and a VCP-like ATPase gene (upper panel) by genotype at markers 
D9Mitl9 (lod score equal to 32.5) and D2Mit50 (lod score equal to 54.3), respectively. 
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aoxh the Apo-^ene and the VUf-hke AiFase gene havWd scores exceeding 30.0. 
The highly significant eQTL are explained by the significant separation of the expression 
ratios between the genotypes and the tight variance within each genotype group. The 
eQTL effect at the VCP-like ATPase gene is mostly additive, given the differences in 

"5 expression between the heterozygotes ("0") and DBA homozygotes ("-1"), and between" 
the heterozygotes ("0") and B6 homozygotes ("+1"), are roughly equal. The eQTL effect 
at the Apo-Al locus has a large dominance component evidenced by the large expression 
separation between the DBA homozygotes ("-1") and the heterozygotes ("0"), and the 
small separation between the B6 homozygotes ("+1") and the heterozygotes ("0"). In 

1 0 summary, the eQTL for Apo-Al demonstrates strong dominance and the QTL for the 

VCP-like ATPase demonstrates simple additive effects. Overall, for the 4,339 QTL with 
LODs greater than 4.3, roughly 20% demonstrated a significant dominance effect (lod 
associated with dominance effect greater than 3.0). 

Fig. 8 highlights a range of gene-centered polymorphisms known to exist between 
15 DBA and B6 mouse strains. In each of the examples highlighted, the loci identified by 
linkage to the transcript abundances of the genes fisted were coincident with the physical 
location of the gene itself. Single nucleotide polymorphisms covered by 60-mer 
oligonucleotide probes would not be expected to significantly affect transcript abundance 
measurements among the samples (See Hughes, et al, 2001, Nat Biotechnol 19, 342- 
20 347), but polymorphisms that lead to changes in transcript half-life, that directly enhance 
promoter and transcription factor binding sites, or more significant polymorphisms, such 
as insertions and deletions that could arise by alternative splicing, all provide signatures 
that are readily detectable by the examination of expression levels in a segregating 
population. 

25 In particular, Fig. 8 illustrates examples of four types of transcript abundance 

polymorphisms (differential transcript decay, differential dosing, differential splicing, and 
differential transcription rate) readily detected by eQTL analysis. More details on these 
observations are provided in Section 6.5 below. The mouse CS gene has a two base pair 
deletion in a 5' exon in the DBA strain, which causes a more rapid decay of the transcript 

30 in DBA compared to the B6 mouse strain. See, for example, Karp et al, 2000, 

"Identification of complement factor 5 as a susceptibility locus for experimental allergic 
asthma," Nat. Immunol. 1, 221-226. A lod score of 27.4 centered over the C5 gene on 
chromosome 2 is readily detected (curve 802). The ALAD gene is present in two copies 
in the DBA strain and only one copy in the B6 strain. See, for example, Claudio et al, 

279 



WO 2004/061616 ^ ^ PCT/US2003/041613 

1997, "A muru^Prodel genetic susceptibility to lead bioacSKiiation, funaam Appi 
Toxicol 35, 84-90. The major QTL (lod score of 9.3) for ALAD transcript abundances is 
centered over the ALAD gene (curve 804) and represents the differential dosing that 
occurs between the two strains, due to the different copy numbers. The ST7 gene is 
5 differentially spliced at several locations (See Huang et al, 2002, Nucleic Acids Res 30, 
186-190), and for a stable splice form at the 3' location of the gene, the probe for this 
gene fortuitously overlapped the region alternatively spliced out in DBA, but not B6. The 
differential splicing event is detected by the major QTL (lod score of 20.1) for ST7, 
which is centered over the ST7 gene (curve 806). Finally, the NNMT gene, important for 
1 0 drug metabolism, is known to be polymorphic with respect to transcription between the 
DBA and B6 strains. See, for example, Huang et al, 2002, "Putative Alternative Splicing 
database," Nucleic Acids Research 30, 186-190. This polymorphism is confirmed by a 
major QTL (lod score of 15.3) for the NNMT gene, centered over the NNMT gene (curve 
808). 

15 Identification of cis-acting transcriptional control can serve as a filter for 

associating polymorphisms in DNA sequence with polymorphisms in transcription. For 
instance, while the DNA variations noted in Fig. 8 lead to transcriptional polymorphisms, 
. the insulin-like growth factor binding protein complex acid labile chain (Igfals) has five 
SNPs identified between the B6 and DBA strains, two of which are mis-sense mutations: 

20 1) codon 165 is arginine in DBA and glutamine in B6 and 2) codon 69 is glycine in DBA 
and serine in B6. Igfals is significantly differentially expressed in 1 8 of the 111 samples, 
and has two suggestive linkages on chromosomes 1 1 (lod = 2.72) and 18 (lod = 2.5), but 
is physically mapped to chromosome 17, where no linkage is detected. One can conclude 
from this that the polymorphisms in the sequence of this gene do not give rise to variation 

25 in its transcript levels, unlike those cases highlighted in Fig. 8. 



6.5. TYPES OF POLYMORPHISMS THAT CAN BE DETECTED USING 

EXPRESSION QTL ANALYSIS 

Some embodiments of the QTL analysis performed in step 210 (Fig. 2) or step 

30 1 9 1 0 (Fig. 9) are limited in the sense that the transcription must be polymorphic in the 

population under study in order for QTL for that transcription to be detected. However, 

the types of DNA polymorphisms that lead to transcription polymorphisms are extensive, 

and this example illustrates how QTL analysis on gene expression data is capable of 

detecting many of these polymorphisms. This example specifically includes (1) 
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laentiiying gi^p- genes tnat nave a mgner copy numberSRie parent man tne otner (Z) 
identifying QTL associated with differential splicing between two strains (3) identifying 
QTL associated with a differentially expressed gene between two strains where 
polymorphisms in the promoter/regulatory regions of the gene explain the differential 
5 expression, and (4) identifying QTL for genes that have a nonsense mutation in one 

parent but not the other. It will be appreciated that, in some embodiments, protein levels 
are used as quantitative traits in step 210 (Fig. 2) or step 1910 (Fig. 9) rather than 
transcription levels. 

Referring to Fig. 9, the ALAD gene is present in two copies in DBA/2 J and a 
10 single copy in C57BL/6J, and the gene is known to be expressed in liver. In the F2 
generation there are three possible genotypes at the ALAD locus leading to different 
ALAD copy numbers: 1) homozygous for DBA, giving four total copies of the ALAD 
gene, 2) heterozygous, giving three total copies of the ALAD gene, and 3) homozygous 
for C57BL/6J, giving two total copies of the ALAD gene. As illustrated in Fig. 9, the 
15 differential expression due to the three different doses is detected in the F2 data. First, the 
gene is identified as differentially expressed between the parent and F2 strains. Second, a 
high lod score for ALAD expression that is coincident with the gene's physical location is 
found using processing steps 202 through 210 of Fig. 2. In particular, an expression 
statistic set 304 for the ALAD expression level is used as the quantitative trait in a QTL 
20 analysis that mouse strains as well as the phenotype data from the DBA/2 J, C57BL/6J 
cross. 

Referring to Fig. 10, the Putative Alternative Splicing DB (PALS DB) for murine 
genes are predicted to be alternatively spliced with very high confidence. Approximately 
200 genes had a significant lod score (lod > 5.0) in the mouse data set described in 

25 Example 6.4 above (liver tissue from 1 1 1 F2 mice constructed from two standard inbred 
strains of mice, C57BW/6J and DBA/2J). Probe sequences used on the arrays for each of 
the 200 genes were mapped to the sequences for those genes. The probes that overlapped 
the predicted splice sites were identified. Of the 200 genes with significant lod scores, 
five had predicted splice sites that overlapped probe sequences. Fig. 10 shows one of 

30 these examples. The ST7 gene has a stable splice form in DBA that has an approximate 
30 base pair stretch deleted, compared to B6. The lod score curve plot in Fig. 10 
demonstrates how the QTL analysis picks up this differential splicing event, since not 
only is the gene detected to be significantly differentially expressed in the F2 and between 
the parental strains, but this differential expression leads to a very significant QTL for the 
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ST7 gene that^Pincident with the physical location of tbeKv gene. Note that the lod 
score plot covers the entire genome in this case. In addition, there is a minor QTL on one 
of the chromosomes that happens to coincide with an enhancer binding protein that is 
known to be involved in differential splicing. So, not only can splicing events be 
5 detected, but the genetic determinants behind the alternative splicing can begin to be 
understood. 

Referring to Figs. 1 1 and 12, the nicotinamide N-methyltransferase gene codes for 
an enzyme that is critical to drug metabolism. Others have shown polymorphisms in the 
promoter for this gene are responsible for its differential expression between the DBA 
and B6 mouse strains. Table 4 demonstrates that this differential expression is detected 
since the expression levels of this gene give rise to a QTL with a lod score of 20.1 that is 
coincident with the physical location of the gene. 

TABLE 4 



VJWJLLW IN dill C 


Jrnysicai Lrene .Location 
V.'-'Jt-ir'Juiosome / 
Location) 


QTL Locations 
(Chromosome / 
Location) 


QTL Peak lod 
Scores 


nicotinamide 


13 / 64.0 cM 


' 13 / 107 cM 


8.7 


nucleotide 




transhydrogenase 








9530010C24Rik 


Unknown 


6/39.5cM 


2.2 


ectonucleotide 


15/ 30.0 cM 


15 / 26.3 cM 


10.3 


pyrophosphatase 




ESTAW456442 


11 


not available 


not available 


5 9 nucleotidase 


9 


6/39.5 


2.5 






9 / 10.0 


3.1 


ESTAW540195 


5 / 25.0 cM 


not available 


not available 


purine-nucleoside 


14/ 19.5 cM 


9/1.0cM 


2.4 


phosphorylase 




N-terminal Asn 


16/8.7cM 


2 / 79.9 cM 


2.2 


amidase 








14 / 22.0 cM 


3.9 


nicotinamide N- 


9 / 29.0 cM 


9 / 5.0 cM 


20.1 


methyltransferase 










13 / 88.0 cM 


2.6 


aldehyde oxidase 1 


i/23.2cM 


16/1.0cM 


2.1 



1 5 The pathways associated with nicotinate and nicotinamide metabolism are fairly 

well known. Fig. 1 1 illustrates these different pathways. Fig. 12 provides a key for the 
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important gent^Ptt are found in tne patnways illustrated lWfg. 1 1 . i aoie 4 gives tne 
physical location for these key genes in addition to any QTL for those genes represented 
on the mouse array that were detected using the expression values of those genes in QTL 
analysis (Fig. 2, steps 202 through 210). Table 4 shows that several of the genes involved 
5 in this pathway have QTL co-localized with the major chromosome 9 nicotinamide N- " ' 
mthyltransferase QTL. In addition, several of the other genes in this pathway are 
polymorphic with respect to expression (nicotinamide nucleotide transhydrogenase and 
ectonucleotide pyrophosphatase), with QTL coincident with the physical gene location. 
Further, several of the other genes in this pathway have QTL co-localizing with these 
10 major QTL The results summarized in Table 4 show that the cross talk going on 

between genes in the same biochemical pathway are detectable using the combination of 
genetics and gene expression. 

None of the genes described in Table 4 colocalize as clusters in a gene expression 
cluster map (Fig. 2, step 216). Thus, analysis of a gene expression map would not have 
1 5 tied these genes together. Rather the relationships were discovered by treating the 

expression level of each respective gene in a plurality of organisms as a quantitative trait 
in a QTL analysis regimen (Fig. 2, steps 202 through 210). 

Referring to Fig. 13, the complement component 5 gene (C5) has a two base pah- 
deletion in exon 6 in the DBA strain, but not in the B6 strain. Others have associated C5 

20 in these two strains with complex diseases, such as asthma and arthritis. The gene is 
detected as differentially expressed between the two strains because the two base pair 
deletion in DBA leads to a premature stop codon, which causes the transcripts to be 
degraded more rapidly. The lod score plot in Fig. 13 covers the genetic signal for the C5 
gene over the entire mouse genome. From Fig. 13, it seen that the only significant spike 

25 occurs at the chromosome 2 position where the C5 gene physically resides. The lod score 
in this case is 28, which means that more than 90% of the variation in the C5 gene in this 
F2 population is explained by the two base pair deletion. 



6.6. COLOCALIZATION OF eQTL FOR LIPID METABOLISM GENES 
30 REVEALS A QTL HOT SPOT THAT IS A POSSIBLE CAUSATIVE AGENT FOR 

THE eQTL 

In this example, mice from a C57BL/6J x DBA/2J cross were placed on a chow- 
fed diet through four months of age, and at four months various phenotypic measurements 
were taken and the mice were then placed on a high-fat diet. At six months of age, the 

283 



WO 2004/061616 





PCT/US2003/041613 

such as adiposity, 



mice were si 



sd and scored with respect to over sixty 



10 



15 



20 



25 



retroperitoneal fat pad, body weight, fat pad mass, omental fat pad, perimetrial fat pad, 
subcutaneous fat pad, and total cholesterol. Each of these phenotypic traits may be used 
to identify linking QTL using standard QTL analysis. Fig. 14 illustrates the results of one 
such QTL analysis in a region of mouse chromosome Tl for the phenotypic traits "free " 
fatty acid" (curve 1402) and "triglyceride level" (curve 1404). Curve 1406 is the jointlod 
score curve. Expression QTL ("eQTL") (not shown in Fig. 14) from approximately 40 
genes known to be involved with glucose and lipid metabolism overlap the "free fatty 
acid" and "triglyceride level" clinical trait QTL ("cQTL"). Fig. 15 highlights five of 
these genes. Each of these five genes has an eQTL that co-localizes with the "fatty acid" 
and "triglyceride" cQTL. 

One of the genes illustrated in Fig. 15, the peroxisome proliferator activated 
receptor (PPAR) binding protein, has a very large QTL at this chromosome 1 1 locus 
(curve 1502). The PPAR binding protein is known to be a key co-activator for PPAR 
alpha, which also links to this chromosome 1 1 locus. Fig. 16 shows a scatter plot that 
breaks down the mean log ratios for the PPAR bmding protein by genotype at the 
chromosome 1 1 location across the F2 mouse population (120 F2 mouse livers) that was 
profiled. Of note in Fig. 16 is the subtle, but consistent expression among the genotypes 
that would have been completely missed if only the differential expression had been 
analyzed (i.e., without the use of quantitative expression QTL analysis) because the fold 
changes range only from only -1.5. to 1.5. However, with the genetics, a very strong 
signal is measured due to the tightness with which expression groups by genotype. Fig. 
17 illustrates what the plot illustrated in Fig. 16 would look like in the random case. Fig. 
17 illustrates the expression of PPAR alpha by genotype at the chromosome 15 location 
where the PPAR alpha gene physically resides. As can be seen by Fig. 17, the expression 
of PPAR alpha is almost completely random with respect to genotype, although a wider 
range of expression for the B6 genotype is observed. This may be of some interest 
because changes in variation are potentially as interesting as changes in mean. 

Fig. 18 illustrates how genes known to be involved in lipid metabolism link to the 
same genetic locus, even though they physically reside at different locations, hi Fig. 18, 
the chromosomal positions of the genes Cyp2a- 1 2, peroxisome proliferator activated 
receptor binding protein (PPARBP), Atf4, PPAR*, and Abcq8 are shown on mouse 
genome map 1802. Further, the positions of eQTL that correspond to these genes are 
shown on mouse genome map 1804. Specifically, the eQTL that arise when each of the 
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genes mapped WPnome map 1802 is treated as a quantitalRrait m a yrjL analysis is 
shown mapped to mouse genome map 1804 of Fig. 18. The gene PPARBP physically 
resides at an eQTL hot spot positioned on chromosome 1 1 of genome map 1804. The 
correspondence of the physical location of PPARBP with this eQTL hot spot implicates 
5 this gene as Hie causative agent for the eQTL at the hotspot. Thus, the data shown in Fig. 
8 suggest that PPARBP is in a biological pathway at a point that it is upstream from the 
genes Cyp2a-12, Atf4, PPAR<* and Abcq8. 



6.7. ELUCIDATING GENES AND PATHWAYS FOR COMPLEX TRAITS 

10 Associating patterns of expression with a clinical trait and dissecting those 

patterns by associating them with susceptibility loci, represents a potentially powerful 
way to dissect complex diseases. The present example provides a method for associating 
a gene with a clinical trait T. In some embodiments, clinical trait T is a complex trait 
(e.g., complex disease). Section 5.15 describes the characteristics of some complex traits 

1 5 within the scope of the present invention. The method works by interfacing gene 

expression data with clinical trait data in order to identify potential causative genes for a 
trait and the associated pattern of response. The steps used in the method are illustrated 
in Fig. 1 9 and described in section 5.16, above. 

Major loci controlling complex phenotypes like obesity, heart disease and CNS 
20 disorders may potentially affect scores of genes, if not hundreds. It is expected that those 
genes involved in the more downstream aspects of pathways associated with common 
diseases would have eQTL linked to the major causative loci for those diseases. In 
addition, there may be heterogeneity among the causative loci for a given disease in a 
population of interest. When present, this heterogeneity impacts the ability to detect 
25 linkages to the causative loci, since the significance of any one locus is diminished when 
the population is considered as a whole in such a setting. Therefor, the development of 
techniques that allow for the identification of homogenous subpopulations with respect to 
causative loci as provided in the present application is a major advance in the elucidation 
md dissection of genetic basis for complex diseases. 



30 



6.7.1. CASE STUDY USING MOUSE DATA 

The steps outlined in Fig. 19 were performed using the mouse system described in 
Section 6.4. Livers were profiled in mice after the mice had been on a high-fat, 
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atherogenic di^w four months. As described by Drake e^r(J. Orthop Res 19, 51 1-7 
2001; Physiol Genomics 5,' 205-15, 2001), such mice represent the spectrum of disease in 
a natural population, with many mice developing atherosclerotic lesions and brain lesions, 
and others having significantly higher fat-pad masses, higher cholesterol levels and larger 
5 bone structures than others in the same population. Using the expression data 44 (Fig. Y) 
to identify patterns that refine the definition of a clinical trait, including identifying 
subtypes of the clinical trait, and then identifying QTL for these clinical trait (cQTL) 
subtypes and linking this information with the gene expression traits to elucidate genes 
and pathways associated with the clinical traits, are the primary motivations for the 
10 beginning steps described in Fig. 19. Associating patterns of expression with a clinical 
trait and dissecting those patterns by associating them with susceptibility loci represents a 
powerful way to dissect complex diseases. 

More than one percent of the eQTL identified genome-wide for the 7,861 genes G 
that were used in respective QTL analysis {e.g., instances of processing step 1910, Fig. 
15 19) fall within a 10 cM window centered at approximately lOOcM on chromosome 2 in 
„ the mouse genome (Fig. 20). There are 867 genes with lod scores over 2.0 linked to this 
, region. The majority of genes linked to the chromosome 2 locus do not physically reside 
on chromosome 2, and so, are at least partially regulated by one or more loci in the 
chromosome 2 hot-spot region. 

20 Co-localized with this locus are many cQTL (determined by instances of 

processing step 1912, Fig. 19) for clinical traits T such as adiposity, fat pad mass, plasma 
lipid levels and bone density. Fig. 20 shows the lod score curves for four of the 
obesity-related traits, the peaks of which are almost perfectly coincident with the 
hundreds of eQTL falling at that locus. The four obesity related traits are (1) 

25 subcutaneous fat pad mass (curve 2002 peaking at 105cM with a lod score = 6.25), (2) 
perimetrial fat pad mass (curve 2004 peaking at 103cM with a lod score = 5.3 1, (3) 
omental fat pad mass (curve 2006 peaking at 103cM with a lod score = 3.80), and (4) 
adiposity (curve 2008 peaking at 105cM with a lod score = 3.69). The joint lod score 
curve for these four clinical traits is given by line 2010, peaking at 1.05M with a lod score 

30 = 13.02. The majority of genes linked to this region do not physically reside on 
chromosome 2, and so are at least partially regulated by one or more loci in the 
chromosome 2 hot-spot region. For the 423 genes with mapping information, there are 
only four eQTL with lod scores greater than 3.0 that correspond to genes whose physical 
locations are within 2cM of the peak (1916-Yes, 1920, Fig. 19). The lod score curves for 
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Losome 2 eQTL Jtiot spot 



these four pot< 



candidate genes that may explain the cj 



are represented by lines 2012 in Fig. 20. From highest lod score to the lowest, the four 
candidate genes are (1) R1KEN cDNA 2610042014 (NM_025575) peaking at 103cM 
with a lod score = 24.43 (curve 2012-4), (2) ATPase, class It, type 9A (NM-015731) 
5 peaking at 105cM with a lod score = 6.13 (curve 2012-3), (3) RIKEN cDNA2610100K07 
(NM-025996) peaking at lOlcM with a lod score = 5.04 (curve 2012-2), and (4) zinc 
finger protein 64 (NM-009564) peaking at 101 cM with a lod score = 3.56 (curve 2012- 
1). GeneNM_025575 codes for a dolichyl-diphosphooUgosaccharide-protein 
glycosyltransferase and geneNM_015731 codes for a cation-transporting ATPase; these 
10 genes may be considered the primary causative candidates for the linkage activity at the 
chromosome 2 locus. 

The class of genes represented in Fig. 20 (curves 2012), identified by intersecting 
cQTL data with eQTL data in accordance with Fig. 19, provides convincing evidence that 
many of the genes co-localized to a single QTL hot spot are associated with the 

15 obesity-related traits. Hence, several candidate genes whose physical locations are 

coincident with their respective eQTL are reasonable candidate genes for further research. 
It may be that the causative gene is not differentially regulated and so is not detectable 
with the methods described in this example. However, when these inventive methods are 
viewed from the standpoint of hypothesis generation, the candidate genes with supporting 

20 genetic clusters offers researchers valuable insight into complex traits and suggests 
meaningful hypothesis for further validation. In this example, the combined gene 
expression/genetics approach has effectively generated interesting hypotheses by filtering 
the number of genes that would otherwise need to be considered from 25,000 to three or 
four reasonable candidates, with hundreds of additional genes forming patterns that 

25 represent the reactive changes induced by the causative set, all of which have been 
identified in a completely objective maimer. 



30 123 genes along the x-axis and 36 mice along the y-axis^ representing the upper and lower 
25 th percentile for the subcutaneous fat pad mass trait over 72 of the 1 1 1 F2 mice that 
were scored with respect to this trait. Two criteria were applied in selecting the 123 
genes along the x-axis: 1) genes in this set had to be significantly expressed and 



6.7.2. HIERARCHICAL CLUSTERING 

Fig. 23 represents the results of a two-dimensional hierarchical clustering, with 
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differentially e^Rssed in at least 10 mice, and 2) genes m^S set had to have expression 
values that were able to discriminate between the extreme subcutaneous fat pad mass 
groups (using standard two-sample t test and a significance level of 0.05). To compute 
the array illustrated in Fig. 23, the logi 0 (expression ratio) was plotted as red (regions 
5 2320) when the red channel is up-regulated to the green channel and 2) green (regions 
2340) when the red channel is down-regulated relative to the green channels. White and 
gray areas in the array illustrated in Fig. 23 respectfully represent areas in which the logio 
(expression ratio) is close to zero and when data from both of the channels for a given 
prove is unreliable. 

10 All genes depicted in Fig. 23 are either linked to the chromosome 2 locus 

identified in Fig. 20, or are highly correlated with genes that are linked to the region. The 
123 genes used in Fig. 23 are able to discriminate between mice with high fat pad masses 
and those with low fat pad masses. Arrows 2302 highlight mice that have low fat pad 
mass, but a high fat pad mass gene signature. Arrow 2304 highlights a single mouse that 

1 5 has high fat pad mass, but a low fat pad mass gene signature. 

Interestingly, a group of major urinary protein genes (MUP1, MUP4, and MUP5) 
are linked to the chromosome 2 locus, in addition to 7 other loci (all with lod scores 
exceeding 4.0), 4 of which co-localize with adiposity or fat pad mass traits. TheMUP 
genes stand out because they are highly correlated with many other genes known to be 

20 involved in obesity-related pathways, including retinoid X receptor (RXR) gamma (R= 
0.75/P-value « 1.0E" 15 , acyl-Coenzyme A oxidase 1 (R=0.65/P-value =3.78E" 15 ), and 
leptin receptor (R=-0.74/P-value « 1.0E" 15 ), in addition to co-localizing with other genes 
like peroxisome proliferator activated receptor (PPAR) gamma, RXR interacting protein 
and LPR6, all known to be involved in these pathways. Mutations in the Leptin receptor 

25 in mice and man cause hyperphagia and extreme obesity. See, for example, Chen et al , 
1996, Cell 84, 491-495; Chua et al, 1996, Science 271, 994-996; Clement et al, 1998, 
Nature 392, 398-401; Montague et al, 1997, Nature 387, 903-908; Strobel et al, 1998, 
Nat. Genet. 18, 213-215; Tsigos et al, 2002, J. Pediatr. Endocrinol Metab. 15, 241-253. 
RXR is the obligate partner of many nuclear receptors including PPARa and PPAR7that 

30 are involved in many aspects of the control of lipid metabolism, glucose tolerance and 
insulin sensitivity. See Chawla et al, 2001, Science 294, 1866-1870. This demonstrates 
that the chromosome 2 locus identified in Fig. 20 draws together adiposity, fat pad mass, 
cholesterol and triglyceride levels and is linked to genes with proven roles in obesity and 
diabetes. Further, the MUP genes are members of the lipocalin protein family and are 
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known to play^Kitral role in phermone-binding processe^Bit affect mouse physiology 
and behavior. See Timm et al, 2001, Protein Science 10, 997-1004. Furthermore, MUP 
expression levels have been associated with variations in body weight, bone length, and 
VLDL levels. See, for example, Metcalf et al, 2000, Nature 405, 109-1073; Swift et al, 
5 2001, J. Lipid Res. 42, 218-224; Jiang and Zeng, 1995, Genetics 140, 11 1 1-1127. Arrows 
2306 in Fig. 23 indicate the positions of the MUP1, MUP2, and MUP3 genes. 

The region supporting the chromosome 2 locus illustrated in Fig. 20 is 
homologous to human chromosome 20ql2-ql3.12, a region that has previously been 
linked to human obesity-related phenotypes. See Borecki et al, 1994, Obesity Research 

10 2, 213-219; Lembertas et al, 1997, J. Clin. Invest 100, 1240-1247. The human homolog 
for genes NM_025575 (Fig. 20; curve 2012-4) and NM_015731 (Fig. 20, curve 2012-3) 
also reside in the human chromosome 20 region and have not been completely 
characterized; they have not been implicated in obesity-related traits before. While other 
genes such as melanocortin 3 receptor (MC3R) have been suggested as possible 

15 candidates for obesity at this locus (Lembertas et al, 1997, J. Clin. Invest 100, 1240- 
i 1247), this data suggests the genes NM_025575 (Fig. 20; curve 2012-4) and NM_015731 
(Fig. 20, curve 2012-3) may be responsible for the underlying QTL. Unlike MC3R, these , 
two genes are significantly linked to. the murine chromosome 2 locus. Further, they are 
significantly correlated with several of the fat pad mass traits. Further, these two genes 

20 are genetically interacting with several of the fat pad mass traits also linked to the 

chromosome 2 locus. It is observed that expression levels for MC3R are not linked to the . 
chromosome 2 locus illustrated in Fig. 20, and there are no SNPS annotated in the exons 
or introns of the gene between the C57/BL6 and DBA/2J strains in the most recent build 
of the CeleraRefSNP database. These observations provide evidence and suggests that 

25 MC3R may not be the gene underlying chromosome 2 linkage, at least in this particular 
system. Of course, it is possible that MC3R is only expressed in the brain, and that 
polymorphic expression of the MC3R in the brain leads to changes of expression in the 
liver. Because there are no DNA polymorphisms in this gene between the two strains that 
lead to codon changes or that likely lead to cis-acting alternative splicing polymorphisms, 

30 if it is the causative gene in this case, it would most likely have to be acting through 
transcriptional regulation. 
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6.7.3. TESTING FOR PLEIOTllIwPY 

In some embodiments, the inventive method disclosed in Fig. 19 is extended. 
Tests developed by Jiang and Zheng (Genetics 140, 1111-1 127, 1995) and implemented 
by Drake et al. (Physiol. Genomics 5, 205-215, 2001) were applied to assess whether 
5 pleiotropy of a common underlying gene rather than close linkage of separate genes were 
responsible for the colocalized cQTL and eQTL in the chromosome 2 region. As set forth 
by Jiang and Zeng (Genetics 140, 1111-1 127, 1995), to test the hypothesis of pleiotropy 
versus, close linkage for two coincident QTL of interest, the multi-trait composite interval 
mapping (CIM) (Lynch and Walsh, 1998, Genetics and Analysis of Quantitative Traits, 
10 Sunderland, MA: Sinauer Associates) is reformulated. The hypothesis of interest (H Q and 
#0 involve the positional of the QTL having an effect on trait 1 and position^ of the 
QTL having an effect on trait 2 are given by: 



Ho'.pi =P2 

The alternative hypothesis indicates that the QTL are nonpleiotropic and are 
located at different map positions. The likelihood for H 0 is the same as that given for the 
multi-trait CIM model. However, the likelihood for the alternative is that developed by 

20 Jiang and Zeng (Genetics 140, 1111-1 127, 1995). Using the prescription set forth by 

Jiang and Zeng, calculation of the maximum likelihoods for each hypothesis was carried 
out using the expectation-conditional maximization (ECM) algorithm. Once the 
maximum likelihoods under each hypothesis were computed, the log ration of the 
likelihoods was computed to serve as the test statistic. This log-likelihood ration test 

25 statistic is asymptotic to a X 2 distribution with one degree of freedom. 

The test supported the hypothesis of pleiotropy (one allele affecting several traits) 
in that no significant results for the traits subcutaneous fat pad mass, perimetrial fat pad 
mass, omental fat pad mass, or adiposity at the 0.05 significance level were found. The 
results obtained are consistent with pleiotropy of a common underlying gene regulating 
30 the clinical and expression traits linked to the chromosome 2 locus. The four genes 
detailed in Fig. 20 by curves 2012-1 through 2012-4 may be considered as primary 
causative candidates for all of the linkage activity at the chromosome 2 locus. 
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The m^y of genes linked to the chromosome 2 W&on are significantly 
correlated among themselves, and functional patterns emerge from these data that support 
the hypothesis that these genes are associated with the clinical traits linked to this region. 
As an example, 186 of the 867 genes linked to this region have been assigned to GO 
5 categories (The Gene Ontology Consortium, 2001, Genome Research 1 1, 1425-1433). Of 
these, 39 have been assigned to the "ATP binding" molecular function category. With 
4,771 genes having GO classifications and lod scores greater than 2.0, the "ATP binding" 
category occurs in 514 of these genes. Fisher's Exact Test was used to determine if the 
"ATP binding" category is more represented in the chromosome 2 QTL cluster than 
10 would be expected by chance (p-value = 0.0000008). Such strong significance indicates 
that the high occurrence of "ATP binding" in the cluster could not have happened by 
chance. Further, subsets within the 39 genes are highly correlated with genes known to 
be associated with obesity related traits. These genes include Leptin receptor (correlation 
coefficient = 3.8E" 13 ) and RXR gamma (correlation coefficient 0.78 / pvalue = 3.8E" 13 ). 



15 



6.7.4. DETERMINING THE TOPOLOGY OF A BIOLOGICAL PATHWAY 
THAT AFFECTS A COMPLEX TRAIT 



The processing steps disclosed in Fig. 19 and described in Section 5.16, above, are 
used to identify the genes associated with a complex trait (e.g., the genes that affect a 
20 complex trait). This section describes how the data obtained in Section 5.16, above, can 
also be used to deduce the topology of a biological pathway that affects a complex trait. 
In particular, using Fig. 24 as an illustration, cQTL and eQTL data is analyzed in order to 
deduce the topology of such a biological pathway. 

In step 1912, the cQTL for clinical traits 1 through 4 are localized on a 
25 representative molecular map 2402 for the population under study. For example, in cases 
where the population under study is human, representative molecular map 2402 is, for 
example, a map of the human genome. In some embodiments, molecular map 2402 (Fig. 
24) is a marker map, such as one stored as marker data 70 in system 10 (Fig. 1). In some 
embodiments, molecular map. 2402 includes the nucleotide sequence of a portion of the 
30 genome (e.g., genomic map) of the population under study. 

Step 1912 of Fig. 24 (illustrated as downward arrow in the upper left side of Fig. 
24) corresponds to step 1912 of Fig. 19. In step 1912 of Fig. 24, a clinical quantitative 
trait loci (cQTL) that is linked to a clinical trait T is identified on map 2402 with a QTL 
analysis that uses the phenotypic statistic set 2102 as the clinical trait T. In some 
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embodiments,^We QTL analyses are performed by an emlHiment of clinical 
quantitative trait (cQTL) identification module 2204 (Fig. 22). Referring to Fig. 24, four 
phenotypic statistics sets 2102 are shown. Each set 2102 corresponds to one of four 
clinical traits under study. It will be appreciated that any number of clinical traits may be 
5 analyzed and that the four traits illustrated in Fig. 24 are merely exemplary. For example, 
at least 3, 5, 8, 12, 20, 30, or 40 clinical traits could be analyzed using the methods 
disclosed in Fig. 24. 

In one embodiment, the complex trait under study is obesity. In one example of 
this embodiment, clinical trait 1 is a body mass index (e.g., weight / height 2 ), clinical trait 

10 2 is subcutaneous fat pad mass, clinical trait 3 is insulin level in the blood, and clinical 
trait 4 is leptin levels. Accordingly, cQTLl is a QTL that is linked to body mass index. 
cQTL2 is a QTL that is linked to subcutaneous fat padmass, clinical trait 3 is a QTL that 
is linked to insulin level in the blood, and cQTL 4 is a QTL that is linked to leptin levels. 
Further, cQTLl through cQTL4 are determined using the QTL analysis of step 1912 (Fig. 

15 19) as described in detail in Section 5.16, above. 

Li addition to the identification of four cQTL in map 2402, which respectively 
correspond to four clinical traits associated with obesity, Fig. 24 discloses the results of a 
number of eQTL analyses. The computation of these eQTL analyses will now be 
described. In Fig. 24, four expression statistics sets 304 (Fig. 3) are illustrated. Each 

20 expression statistic set corresponds to a different gene G in the genome of the population 
under study. As described in detail in previous sections, each expression value in the 
expression statistic set is a measurement of a cellular constituent corresponding to a 
particular gene G in an organism in a population of organisms under study. The cellular 
constituent may be, for example, mRNA levels for the corresponding gene, protein levels 

25 for the corresponding gene, or a metabolite level that is directly regulated by the 

corresponding gene. It will be appreciated that any number of genes may be analyzed and 
that the four genes illustrated in Fig. 24 are merely exemplary. For example, at least 3, 5, 
8, 12, 20, 30, or 40 genes could be analyzed using the methods disclosed in Fig. 24. 

Each expression statistic set 304 is used as the quantitative trait in a QTL analysis 
30 in accordance with processing step 1910 (Fig. 19). QTL analysis, such as those 

performed in processing step 1910, are described in detail in Section 5.16, above. A 
separate QTL analysis is performed for each of the four expression statistics sets 304 
illustrated in Fig. 4. 
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in som^Pkodiments, tnese v^ix analyses are perSMfea oy an emDoaimem 01 
expression quantitative trait loci (eQTL) identification module 2202 (Fig. 22). Each 
expression statistic set 304 generates eQTL that are linked to the expression statistic set. 
Expression statistic set 304-Genel, which is the expression statistic set for gene 1, yields 
5 four eQTL (eQTLl-1*, eQTLl-2, eQTLl-3, and eQTLl-4)! These four eQTL map to 
four different locations on map 2402. It will be appreciated that eQTL will map to 
various locations on map 2402 and that not all eQTL will colocalize with a eQTL. 
However, for the ease of illustration of this example, eQTLl-1*, eQTLl-2, eQTLl-3, and 
eQTLl-4 respectively co-localize with cQTLl, cQTL2, cQTL3, and cQTL4. Only one of 
1 0 the eQTL can correspond to the physical location of the gene G that forms the basis of the 
expression set 304 was used to compute the eQTL. For set 304-Genel, the eQTL 
denoted eQTLl-1* maps to the physical location of gene 1 in map 2402; For this reason, 
eQTLl-1 is marked with an asterisk. For the set 304-Gene4, the eQTL denoted eQTL4- 
1* maps to the physical location of gene 4. 

15 The physical location of each eQTL for each of genes 1 through 4 is shown in Fig. 

4. Analysis of the eQTL and the eQTL allow for the determination of which of the four 
genes is the furthest upstream in a biological pathway that affects the complex trait T 
under study. Fig. 4 discloses the eQTL/cQTL relationships that are summarized in Table 
. 5 below. 

20 Table 5 

Gene Number eQTL that colocalize with Physical Location of the Gene 
an eQTL for this Gene (expressed in terms of eQTL and 

eQTL that colocalize to the location 
on map 2402) 

1 cQTLl, cQTL2, cQTL3, cQTLl/eQTLl-1 

cQTL4 

2 cQTL2, cQTL3, cQTL4 cQTL2/eQTL2-l 

3 cQTL3, cQTL4 cQTL3/eQTL3-l 

4 cQTL4 cQTL4/eQTL4-l 

Referring to Fig. 24, it is seen that cQTL4 colocalizes with an eQTL for each of 
the four genes under study. In some embodiments, an eQTL and a eQTL are considered 
colocalized if they fall within about 25 centiMorgans (cM) of each other on map 2402. In 
25 some embodiments, an eQTL and eQTL are considered colocalized if they fall within 
about 10 cM, about 5 cM, about 1 cM, about 0.5 cM, or about 0.1 cM of each other on 
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map 2402. In^Re embodiments, an eQTL and cQTL are^Ksidered coiocalized it they 
fall within about 100 kilobases, 50 kilobase, 25 kilobases, 10 kilobases, 1000 bases, or 
500 bases of each other on map 2402. None of the other cQTL colocalize with an eQTL 
for each of the four genes under study. For example, cQTL2 only colocalizes with an 
5 eQTL for two of the genes under study, gene 1 and gene 2. The data shown in Fig. 24 
suggests that a gene at position cQTL4 in map 2402 is the further upstream position in a 
biological pathway. The observation that the eQTL for gene 4 only colocalizes with 
cQTL4 and none of the other cQTL suggests that the identity of the upstream gene in a 
biological pathway affecting obesity is, in fact, gene 4. 

10 Fig. 4 further suggests which gene comes after gene 4 in a biological pathway that 

affects obesity. CQTL3 coiocalized with three eQTL, eQTLl-3, eQTL2-2, and eQTL3- 
1*. These eQTL are respectively linked with gene 1, gene 2, and gene 3. This suggests 
that there exists a gene that colocalizes with cQTL3 that affects at least two other genes. 
It is noted that the physical location of gene 3 is cQTL3. Further, the only other eQTL 

15 linked to gene 3 that colocalizes with a cQTL on map 2402 is eQTL3-2. But eQTL3-2 
colocalizes with cQTL4, a position that has already been determined to colocalize with 
the most upstream gene in the pathway identified by the data in Fig. 4. Thus, taken 
together, the data suggests that gene 3 is downstream from gene 4 in a biological pathway 
that affects obesity. The data further suggests that gene 3 is upstream from genes 1 and 2. 

20 Analysis of the data is completed upon consideration of the eQTL coiocalized to 

cQTLl and cQTL2. Taken together, the data illustrated in Fig. 24 suggests the following 
topology for a biological pathway: 

Gene 4 Gene 3 -* Gene 2 -» Gene 1 

In some embodiments, the analysis of data such as that disclosed in Fig. 24 is 
25 performed by an embodiment of determination module 2206 (Fig. 22). The biological 
pathway deduced in this example can be validated using techniques such as multivariate 
analysis. In addition, the biological pathway deduced in this example can be validated 
using techniques such as gene knock out studies. Those of skill in the art will recognize 
numerous other methods for validating the proposed topology for the biological pathway 
30 affecting the complex trait, and all such methods are within the scope of the present 
invention. 

While the complex trait analyzed in this hypothetical example is obesity, it will be 
appreciated that the techniques disclosed in this section can be used to help determine the 
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topology of bio^pcal pathways that affect any complex trlWl interest. Such, determines 
are facilitated by the choosing to analyze clinical traits that are affected or influenced by 
the complex trait (e.g., complex disease) under study. 

The example in this section can be described as a method for determining the 
5 topology of a biological pathway that affects a complex trait. The method has the step of 
(A), identifying one or more expression quantitative trait loci (eQTL) for a gene in a 
plurality of genes using a first quantitative trait loci (QTL) analysis. This first QTL 
analysis uses a plurality of expression statistics for the gene as a quantitative trait. Each 
expression statistic in the plurality of expression statistics represents an expression value 

10 for the gene in an organism in a plurality of organisms of a single species. The method 
further comprises the step of (b), repeating step (a) a first number of times, wherein each 
repetition of step (a) uses a different gene in the plurality of genes. In some 
embodiments, step (a) is repeated three or more times. In some embodiments, step (a) is 
repeated 5 or more times, 8 or more times, 12 or more times, 20 or more times, or 100 or 

1 5 more times. At least some of the genes selected in iterations of step (a) are in the 

biological pathway that affects a complex trait. An advantage of the present invention is 
that genes that are not in the biological pathway can be selected in step (a) without failure 
of the method provided that some of the genes selected in iterations of step (a) are in the 
pathway. 

20 The method further comprises the step of (c), identifying a clinical quantitative 

trait loci (cQTL) that is linked to a clinical trait in a plurality of clinical traits using a 
second QTL analysis. The second QTL analysis uses a plurality of phenotypic values as a 
quantitative trait. Each phenotypic value in the plurality of phenotypic values represents 
a phenotypic value for the clinical trait in the plurality of clinical traits in an organism in 

25 the plurality of organisms. The method further comprises the step of (d), repeating step 
(c) a second number of times. Each repetition of step (c) uses a different clinical trait in a 
plurality of clinical traits. In some embodiments, step (c) is repeated three or more times. 
In some embodiments, step (c) is repeated five or more times, eight or more times, twelve 
or more times, twenty or more times, or one hundred or more times. An advantage of the 

30 present invention is that clinical traits that are not in fact associated with the complex trait 
of interest may be selected in instances of step (a) without failure of the method provided 
that some of the clinical traits selected in iterations of step (c) are in fact indicative of 
(associated with) the complex trait. 
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Finally^K method comprises the step of (e), using^^he identity of each eQTL, 
identified in an iteration of step (a), that colocalizes with a cQTL, identified in an 
iteration of step (c), and (ii) a physical location of each gene in the plurality of genes on a 
molecular map for the single species, in order to determine the topology of the biological 
5 pathway that affects the complex trait. In one embodunentj step (e) is performed by 

identifying a first eQTL. In general, this first eQTL has the property of colocalizing with 
a first cQTL identified in step (c). Furthermore, this first eQTL has the property that the 
gene used to generate the eQTL colocalizes with the physical location of the first cQTL. 
In the case where each eQTL identified in step (a) colocalizes with more man one cQTL, 

1 0 then preferably an eQTL mat colocalizes with the small number of cQTL (among the 

eQTL identified in step A) is identified. In such instances, the cQTL in the small number 
of cQTL that actually colocalizes with the gene used to generate the first eQTL is denoted 
as the first cQTL. Once the first cQTL has been identified, a determination is made as to 
whether eQTL from other genes in the plurality of genes also colocalize with the first 

1 5 cQTL. When this is the case, the hypothesis is drawn that the gene used to generate the 
first eQTL is further upstream in a biological pathway affecting a complex trait than each 
of the genes that generate eQTL colocalizing with the first cQTL. This gene is therefore 
designated as the first gene. When.this is not the case a different first eQTL is identified 
using the method described above. 

20 The method continues by examining each of the genes that generate eQTL that 

colocalize with the first cQTL in order to determine their topological order in a biological 
pathway. This analysis proceeds in the same manner used to identify the first cQTL. For 
example, a second gene that generates an eQTL that colocalizes with both the first cQTL 
and a second cQTL is sought. If the physical location of the second gene colocalizes with 

25 the second cQTL, then the second gene is considered a downstream candidate in the 

biological pathway. If the second gene does not colocalize with the second cQTL, then a 
different second gene is identified or step (E) can recommence. Various checks can be 
performed on the second gene. First, a determination can be made as to whether eQTL 
from other genes also colocalize with the second cQTL and, if so, whether they are the 

30 same genes that generated eQTL that colocalize with the first cQTL. In cases where the 
same genes are generating eQTL that colocalize with both the first cQTL and the second 
cQTL, the suggestion is raised that such genes are downstream members of a biological 
pathway that starts with the first gene and continues with the second gene. Each of these 
downstream genes can be further examined using the same techniques used to identify the 
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that affects a complex trait. 
6.7.5. ASSOCIATING GENES WITH TRAITS USING CROSS SPECIES DATA 



present invention can be used to associate genes with traits using cross species data. This 
example builds upon the discovery of the four murine candidate genes identified in 
Section 6.7.1, above. In Section 6.7.1, four genes were discovered on mouse 
chromosome number 2 by co-localizing cQTL for the obesity related traits (1) 

10 subcutaneous fat pad mass (Fig. 20, curve 2002), (2) perimetrial fat pad mass (Fig. 20, 
curve 2004), (3) omental fat pad mass (Fig. 20, curve 2006), and (4) adiposity (Fig. 20, 
curve 2008) with four eQTL with lod scores greater than 3.0 that correspond to genes 
whose physical locations are within the vicinity (e.g., 2 cM) of the four cQTL. The four 
mouse genes are (1) RIKEN cDNA 2610042014 (NM_025575) (Fig. 20, curve 2012-4), 

15 (2) ATPase, class It, type 9A (NM-015731) (Fig. 20, curve 2012-3), (3) RIKEN 

cDNA2610100K07 (NM-025996) (Fig. 20, curve 2012-2), and (4) zinc finger protein 64 
(NM-009564) (Fig. 20, curve 2012-1). 

The region of mouse chromosome 2 in which curves 2002 through 2012 are found 
is homologous to human chromosome region 20ql2-ql3. 12. This region of the human 

20 genome has previously been linked to human obesity-related phenotypes. See, for 

example, Borecki et al, 1994, Obesity Research 2, 213-219 and Lembertas et al, 1997 J. 
Clin. Investigation 100, 1240-7. The data described in section 6.7.1. strongly suggests 
that the human genes in human chromosome region 20ql2-ql3.12 that correspond to the 
mouse genes are associated with obesity. Therefore, following the methods and systems 

25 of the present invention, the human genes that correspond to the four mouse genes 
identified in Section 6.7.1, above, were characterized. A summary of this 
characterization is provided in Tables 2 and 3 below. In Table 6, the nucleotide 
information for the four mouse genes and the four corresponding human genes is 
provided. In Table 4, the protein products of the four mouse genes and the four 

30 corresponding human genes is provided. 
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Lt invention 



Curve 
Number in 
Figure 20 



Mouse Gene 
Name 



Human 
Sequence 



Human 

Gene 

Name 



NM_025575 
(SEQIDNO: 1) 



2012-4 



NM_015731 2012-3 
(SEQIDNO: 9) 



NM_025996 2012-2 
(SEQIDNO: 13) 

NM_009564 2012-1 
(SEQIDNO: 19) 



2610042014 
gene 



ATP9A/ 
KIAA06111 



Not named 



Zfp64 



Corrected form 
of-AL591714 
(SEQIDNO: 2) 

Coding region 
only(SEQID 
NO: 3) 

Obtained by 
alignment of 
protein 075 110 
to human 
chromosome 20 
(SEQIDNO: 
12) 

NM_006809 
(SEQ ID NO: 
16) 

NM_018197 

(SEQIDNO: 

20) 



Not named 



ATP 2A 



Tomm34, 
or Tom 34 

Zfp64 



TABLE 4 - Obesity relate gene products of the present invention 

Mouse Sequence Curve Mouse Human Sequence Human 

Number in Protein Protein 
Figure 20 Name Name 



NP_079851 
(SEQ ID NO: 29) 

Q9CQK0 
(SEQ ED NO: 4) 

Q9CYM5 
(SEQ ID NO: 5) 

Q9CYX5 
(SEQ ED NO: 6) 

Q9DAU8 
(SEQ ED NO: 7) 

Q9CVJ3 

(SEQ ED NO: 28) 



2012-4 



Not Translated from 

named SEQ ED NO: 2 
(SEQIDNO: 8) 



Unknown 
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Mouse Sequ 



m 



Curve 
Number in 



Mouse 
Protein 



Humallife: 
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quence 



Human 
Protein 





Figure 20 


Name 




Name 


NP 056546 
(SEQ ID NO: 10) 


2012-3 


ATPase 
9A, 
class II 


075110 

(SEQ ID NO: 11) 


Phospholipi 
d- 

transporting 
ATPase EA 


NP 080272 
(SEQ ID NO: 14) 

TR_Q9CYG7 


2012-2 


Not 
named 


NP 006800 
(SEQ ID NO: 15) 

TR_Q15785 
(IbJcQ ID NO: 18) 


translocase 
of outer 
mitochondri 
al membrane 
34 


NP_033590 
(SEO ID NO- 21^ 

TR P97365 
(SEQ ID NO: 22) 


2012-1 


Zinc 
finger 
protein 
64 


NP_060667 

TR Q9NPA5 
(SEQ ID NO: 26) 


zinc finger 
protein 64 
homolog 
(mouse) 


TR Q99KE8 
(SEQ ID NO: 23) 






TR Q9NTS7 
(SEQ ID NO: 27) 





TR_Q9CWR3 
(SEQ ID NO: 24) 



6.7.5.1. NM_025575 / NP_079851 

The nucleotide sequence for the Mas musculus gene NM_025575 (Fig. 20, curve 
5 2012-4) is provided in Fig. 27 (SEQ ID NO: 1). There is no human gene given in 

LocusLink for this mouse sequence (step 2504-No, Fig. 25). A BlastN search (step 2506, 
Fig. 25) indicates that AL591714.1 is the best candidate human mRNA for the mouse 
sequence NM_025575 (expectation value of 0.0). The human protein product of 
AL591714.1 is CAC39448.1. A BlastP search using the translated amino acid sequence 

10 of the mouse sequence NM_025575 (NP_07985 1) identifies the human protein 

CAC39448.1 as the second best hit (expectation score 9e" 16 ) (step 2508, Fig. 25). A 
pairwise BlastP search between the human protein CAC39448 and the mouse protein, 
NP079851, and a translated Blast search of the human RNA nucleotide database 
sequences against NP_079851 indicates the presence of a frame-shift in the mRNA 

15 database sequence AL_591714. In the BlastP search, only the first 42 amino acids of 

NP_079851 and CAC39448 match. A TblastN search of the human AL591714.1 mRNA 
with the query mouse protein, NP_079851, covers the entire length of the mouse protein, 
but in two fragments. Taken together this data indicates that a frameshift occurs at 
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position 241 714.1. Therefore, the correct sequeWfor the mRNA that encodes 

for a protein that is a human analog of the mouse sequence NMJ)25575 is illustrated in 
Fig. 28 (SEQ ID NO: 2). This corrected sequence removes two nucleotides that are 
present in the AL_591714 database sequence. In particular, the portion of SEQ ID NO: 2 
5 that codes for the human protein that corresponds to the mouse protein NP_07985 1 is 
from 1 15 nts to 569 nts of SEQ ID NO: 3. This sequence is shown Fig. 29 (SEQ ID NO: 
3). A BlastX search of SEQ ID NO: 3 against mouse proteins yields the protein 
NP_079851 as the best match, establishing that SEQ ID NO: 3 is the best homolog for the 
mouse protein NP_07985 1 . 

1 0 There are five complete entries in the TrEMBL database (Bairoch and Apweiler, 

2000, 'The SWISS-PROT protein sequence database and its supplement TrEMBL in 
2000," Nucleic Acids Res. 28, 45-48) for the Mus musculus amino, acid sequence that 
corresponds to the 2610042O14Rik gene (SEQ ID NO: 1). The TrEMBL accession 
numbers for these five proteins are Q9CQK0 (Fig. 30A, SEQ ID NO: 4), Q9CYM5 (Fig. 

15 30B, SEQ ID NO: 5), Q9CYX5 (Fig. 30C, SEQ ID NO: 6), Q9DAU8 (Fig. 30D, SEQ ID 
NO: 7), and Q9CVJ3 (Fig. 30E, SEQ ID NO: 28). The human amino acid sequence that 
corresponds to the corrected form of accession number AL591714 (SEQ ID NO: 2) is 
provided in Fig. 3 1 (SEQ ID NO: 8). A BlastP search with SEQ ID NO: 8 against the 
mouse protein database gives the mouse protein NP_079851 as the best match (step 2514, 

20 Fig. 25), establishing that SEQ ID NO: 8 is the human analog of the mouse protein 
NP_079851. The sequence for the mouse protein NP_079851 is provided in Fig. 30F 
(SEQ ID NO: 29). 



6.7.5.2. NM_015731 / NP_056546 

25 The nucleotide sequence for the Mus musculus gene NM_01 573 1 (Fig. 20, curve 

2012-3) is provided in Fig. 32 (SEQ ID NO: 9). The mouse gene is characterized as 
ATP9A in Genbank LocusLink. An alternate gene symbol used for this gene is 
KIAA06111. 

There are two records in the human relationships field of the LocusLink record 
30 (Fig. 33). Both of these records lead to the same LocusLink record. The cytogenic 

location of the gene in the human LocusLink record is 20ql3:l 1-13.2. There are several 
nucleotide and protein sequences associated with human chromosome position 20ql3:l 1- 
13.2 (Fig. 34). A BLAST search of the mouse refseq protein against the two human 
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Aii-yA protei^P tne L,ocusL,inK recora ^namely, «aaj Wm ana jwhovw) was 
performed. No significant homology was found between the mouse refseq protein 
(NP_056546) and human AAH16044. Homology was found between the mouse refseq 
protein (NP_056546) and human BAA3 1586 (not shown). A BlastN search using the 
four human sequences in the LosusLink record for ATP9A (Fig. 34, AB01451 1.1, 
AK025559, AK026513, and BC016044) against the mouse refseq sequence indicates that 
only AB01451 1.1 is similar to NM_015731. The other three sequences are not similar to 
NM_015731. 

The amino acid sequence that corresponds to the Mus musculus gene NM_01573 1 
is NP_056546. NP_056546 is provided in Fig. 35 (SEQ ID NO: 10). A BlastP search 
using the mouse refseq protein (NP_056546) gives the human protein 0751 10 as the best 
candidate ortholog, which is provided in Fig. 36 (SEQ ID NO: 11). 

A BlastN search of the human nucleotide database with the mouse RefSeq roRNA 
was performed. This search identified the AB01451 1.1 sequence identified in the 
LocusLink record described above. AB0145 11.1 corresponds to the human protein 
BAA31568, thus confirming that this protein is the ortholog of the Mus musculus gene 
NM_01 573 1 . However, this is only a partial mRNA sequence. 

The best possible mRNA sequence for the protein 075 1 10 can only be obtained by 
genomic alignment of the protein against the human genomic sequence (NCBI assembly, 
build 30, June 2002). The human chromosome map location of the protein BAA31586, 
which comes from LocusLink (Fig. 34), and 0751 10, which come from the alignment of 
the mouse protein NP_056546 (SEQ ID NO: 10) against the human genome NCBI 
assembly, are both at position 20ql3.2. In summary, the protein 0851 10 (SEQ ID NO: 
1 1) is the best human ortholog for the mouse protein NP_056546 (SEQ ID NO: 10). 
However, its full mRNA is not available. The best existing mRNA sequence 
corresponding to the mouse protein is AB01451 1.1 (whose protein product is 
BAA31568). AB014511.1 is apartial mRNA sequence. The full mRNA sequence for 
the protein 0751 10 may be inferred from a genomic alignment of the protein against the 
human genome assembly. The inferred mRNA sequence is given in Fig. 37 as (SEQ ID 
NO: 12).. . 
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6.7.5.3. JMJ.vi_uz:>yyo / iN^uaul^ 
The nucleotide sequence for the Mus musculus gene NM_025996 (Fig. 20, curve 
2012-2) is provided in Fig. 38 (SEQ ID NO: 13). The LocusLink record for NM_025996 
is provided in Figs. 39A and 39B. The LocusLink record indicates that the mouse protein 
5 that corresponds to NM_025996 (SEQ ID NO: 13) is NP1080272. NP_080272 is 
provided in Fig. 40 (SEQ ID NO: 14). 

A BlastP search of human proteins using the mouse protein NP_080272 (SEQ ID 
NO: 14) yields the human protein NP_006800 as the best bit. The human protein 
NP_006800 is provided in Fig. 41 (SEQ ID NO: 15). NP_006800 is also implied by 
10 LocusLink (Fig. 38B). A BlastN search of human nucleotide sequences with the mouse 
refseq mRNA (NM_080272, SEQ ID NO: 14) gives the human refseq, NM_006809.2 
(Fig. 42, SEQ ID NO: 16) as the best bit. This human refseq sequence is also implied in 
the human-homology relationship information in LocusLink (Fig. 38B). 

A BlastP search of mouse proteins with the human protein NP_006800 (SEQ ID 
15 NO: 15) yields the mouse protein NP_080272 (SEQ ID NO: 14) as the best hit. A BlastN 
. search of mouse nucleotide sequences with the human mRNA NM_006809 (SEQ ID NO: 
16) yields the mouse mRNA, NM_25996 (SEQ ID NO: 13) as the best hit. Therefore, 
based on LocusLink relationships, and BlastP and BlastN searches performed in 
accordance with Fig. 25, the human orthologs for the mouse sequences NM_025996 
20 (SEQ ID NO: 13) / NP_080272 (SEQ ID NO: 14) are NM_006809 (SEQ ID NO: 16) and 
NP_006800 (SEQ ID NO: 15). 

In addition to the NP_080272 (SEQ ID NO: 1 4) entry for the Mus musculus 
protein sequence, the TrEMBL database includes the entry TRQ9CYG7 that 
corresponds to the Mus musculus nucleotide sequence NM_025996 (SEQ ID NO: 9). The 
25 Mus musculus protein sequence TR_Q9CYG7 is provided in Fig. 43 (SEQ ID NO: 17). 
In addition to the NP_006800 (SEQ ID NO: 15) entry, the TrEMBL database includes the 
human protein TR_Q 15785 that corresponds to the human nucleotide sequence 
NM_006809 (SEQ ID NO: 16). The entry TR_Q15785 is provided in Fig. 44 (SEQ ID 
NO: 18). 
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6.7.5.4. NM_009564 / NP_033590 

The nucleotide sequence for the Mus musculus gene NM_009564 (Fig. 20, curve 
2012-1) is provided in Fig. 45 (SEQ ID NO: 19). The human nucleotide sequence that 
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corresponds to^P[_009564 is NM_018197.1. NM_018lS!f is provided in tig. 45 
(SEQ ID NO: 20). The Mus musculus amino acid sequence that corresponds to the Mus 
musculus gene NM_009564 is NP_033590. NP_033590 is provided in Fig. 47 (SEQ ID 
NO: 21). In addition to the NP_033590 entry, the TrEMBL database includes three 
5 amino acid sequences that correspond to the Mus me/scw/its gene NM_009564. They are 
TRJP97365 (Fig. 48, SEQ ID NO: 22), TRQ99KE8 (Fig. 49, SEQ ID NO: 23), and 
TR_Q9CWR3 (Fig. 50, SEQ ID NO: 24). 

The amino acid sequence that corresponds to the human nucleotide sequence 
NM_018197 (SEQ ID NO: 20) is NP_060667. NP_060667 is provided in Fig. 51 (SEQ 

1 0 ID NO: 25). The human protein NP_060667 (SEQ ID NO: 25) and the mRNA 
NM_018197 (SEQ ID NO: 20) are indicated as the human homologs to the mouse 
sequences NM_009564 (SEQ ID NO: 19) /NP_033590 (SEQ ID NO: 21) by LocusLink. 
Furthermore, a BlastP search of human proteins with the mouse protein NP_033590 (SEQ 
ID NO: 21) yields the human protein NP_060667 (SEQ ID NO: 25) as the best hit. 

1 5 Further, a BlastP search of mouse proteins with the human protein NP_060667 (SEQ ID 
NO: 25) yields the mouse protein NP_033590 (SEQ ID NO: 21) as the best mouse 
sequence. A BlastN search of human nucleotides with mouse NM_009564 (SEQ ID NO: 
19) yields NM018197 (SEQ ID NO: 20) as the best hit. Again, a BlastN search of 
human nucleotides with human NM_018197 (SEQ ID NO: 20) gives the mouse sequence 

20 NM_009564 (SEQ ID NO: 19) as the best bit. Therefore, from the Blast results and the 
LocusLink homology information, NM_018197 (SEQ ID NO: 20) and NP_009564 (SEQ 
ID NO: 19) are the human orthologs of the mouse sequences NM_009564 (SEQ ID NO: 
19) / NP_033590 (SEQ ID NO: 21). 

Li addition to the NP_060667 (SEQ ID NO: 25) entry, the TrEMBL database 
25 includes the entry TR Q9NPA5 and TR Q9NTS7 that correspond to the human 

nucleotide sequence NM018197 (SEQ ID NO: 20). The human amino acid sequence 
TR_Q9NPA5 is provided in Fig. 52 (SEQ ID NO: 26). The human amino acid sequence 
TR_Q9NTS7 is provided in Fig. 53 (SEQ ID NO: 27). 



6.8. TARGET VALIDATION USING CROSS-SPECIES DATA 

The utility of the cross species approach described in Section 5.19 for elucidating 
complex diseases and directly identifying targets for complex diseases is demonstrated by 
examining the pattern of eQTL linking to one of the major obesity loci identified in the 



303 



WO 2004/061616 _ ^ PCT/US2003/041613 

BXD cross de^Ped by Scnadt et al. (Nature, ZULU, 422,HRy/-:>uz in tms cross, 
mice were constructed from two standard inbred strains, C57BL/6J and DBA/2 J. Figures 
86A-86D depict cQTL for several clinical traits in the BXD cross (Fig. 86A, plasma 
insulin levels; Fig. 86B, epidemial fat pad mass; Fig. 86C, plasma leptin levels; Fig. 86D, 
5 HDL levels) located on murine chromosome 13 . ThelbdTcore curves for these traits 
support two cQTL at genetic positions 85cM and HOcM on mouse chromosome 13. 

Liver tissues from 1 1 1 F2 mice constructed from strains C57BL/6J and DBA/2 J 
were profiled using a mouse gene oligonucleotide array. The expression values from 
these experiments were treated as quantitative traits and carried through a linkage analysis 

10 using evenly spaced markers across the autosomal chromosomes. Of the 23,574 genes 
represented on the microarray, 7,861 were detected as significantly differentially 
expressed (type I error = 0.05) in the parental strains or in at least ten percent of the F2 
mice profiled. Using standard interval mapping techniques, quantitative trait loci (QTL) 
with logs of the odds ratio (LOD) scores greater man 4.3 (P-value < 0.00005) were 

15 identified for 2,123 genes, with a maximum LOD score of 80.0. 

Figure 87 highlights a subset of the genes whose expression in the liver of the 
BXD animals is controlled by the chromosome 13 cQTL given in Figure 86 (i.e., these 
genes have eQTL at either the 85cM cQTL or 1 lOcM cQTL given in Figure 86). These 
genes were identified in one of two ways: (1) the gene had an eQTL at or near the 85cM 

20 and 1 1 OcM locations and the eQTL was cis-acting (C330026N13Rik or 1 810058I14Rik) 
or (2) the gene had an eQTL at either 85cM or 1 lOcM of mouse chromosome 13, but the 
gene was physically located on a chromosome other than 13, and was a draggable target 
(CCKar, Foxc2, LepR, DPP IV, LIPE, CPTla, CB2R, Orexin, CTE1, and RXRg). Here, 
the definition of a draggable target set forth in Hopkins and Groom, 2002, Nature 

25 Reviews 1, 727, was used. By cis-acting, it is meant that the gene physically resides at 
the eQTL location for the gene. Those genes that are selected under the second criterion 
were tested for cauasality with respect to any of the four clinical traits depicted in Figure 
86 using the techniques disclosed in Section 5.19.4. Of these genes, four tested causal 
(CCKAR, FOXC2, DPP4, LEPR). These four genes were subsequently mapped to 

30 orthologous genes in the human genome using standard techniques to determine if any of 
these genes were coincident with linkages for obesity-related traits in an Icelandic 
population for which phenotypic information was available for several generations. 
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The abWKeferenced Icelandic population consiste^w large extended tamilies in 
the Icelandic population. The body mass indices (BMI) in these families were assessed, 
and linkage analysis was carried out by considering obesity and thinness as qualitative 
traits (defined as BMI > 34 for obesity and BMI < 21 for thinness). Gender based 
5 differences were considered and observed to contribute to lod scores for obesity overall. " 
The obesity and thinness traits were used in a standard linkage analysis in order to 
identify genetic loci controlling for each trait. When obesity for females only was 
considered, a significant locus was identified on human chromosome 4. Only 1 of the 4 
genes, cholecystokinin type A receptor (CCKAR; Fig. 88, SEQ ID NO: 30), Ulrich et al, 

10 1993, Biochem. Biophys. Res. Commun. 193, 204-21 1 fell within a one lod-score drop of 
this obesity locus. Here, the term one lod-score drop means that portion of a locus that is 
within one lod score unit of the maximum lod score value of the locus. For example, if a 
locus has a maximum lod score of 8, that portion of the locus centered . around this 
maximum value that has a lod score value in excess of 7 is considered to be within a one 

1 5 lod-score drop. Figure 89 highlights a lod score curve on human chromosome 4 for 

percent body fat in females in the Icelandic population. As shown in Figure 89, contained 
within a 1 lod score drop of the peak of this lod score are 29 genes, including the gene 
CCKAR. 

As a result of the intersection between CCKAR and the chromosome 4 locus from 
20 females in the Icelandic population, the gene was resequenced in 752 subjects in the 

Icelandic population. The 752 subjects were made up of 282 females with percent body 
fat in the upper 15th percentile in the Icelandic population, 208 females with BMIs over 
40 (morbidly obese), and then 282 females older than 40 years of age and with BMIs less 
than 20 (considered thin). The CCKAR gene was resequenced in these individuals to 
25 identify single nucleotide polymorphisms (SNPs) that could be used in an association test 
to determine if any given SNP or constellation of SNPs were associated with obesity. 

Figure 89 highlights that there were 55 common SNPs (minor allele frequency 
greater than two percent) found in the CCKAR gene. Haplotypes for these SNPs were 
constructed using standard techniques, and then each haplotype was tested for association 
30 to percent body fat and to thinness phenotypes. . Figures 90 and 91 .highlight the results of 
the association tests. 

Table 9002 of figure 90 highUghts statistics for two related haplotypes that are 
strongly associated with percent body fat in females. Each row of Table 9002 represents 
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the statistics 



of the two respective haplotypes. t or 



statistics are based on sampling a total of 281 afflicted (N_aff; obese) and 282 controls 
(N_ctrl). F or the second haplotype, the statistics are based on a sampling of a total of 281 
afflicted and 279 controls. As can be seen by the statistics in Table 9002, the frequency 
5 of these haplotypes in the obese population (N_aff) compared to the frequency of these 
same haplotypes in the thin population (control; N_ctrl) is significantly different: three 
percent in the thin population (CtrMreq) and eleven percent in the obese population 
(Aff_frq). After conrecting for multiple testing, the p-value (P_cor) for this association is 
0.002, which is considered a very significant association in this setting. 

10 A different set of haplotypes was also identified in the CCKAR gene that was 

significantly associated with thinness (see Figure 91). Each row of Table 9102 represents 
the statistics for one of the two respective haplotypes. For the first haplotype, the 
statistics are based on sampling a total of 282 afflicted (N_aff; thin) and 421 controls 
(N_ctrl). For the second haplotype, the statistics are based on a sampling of a total of 282 

15 afflicted and 421 controls. In combination, the two haplotypes in the thin (control) 
population for which statistics are provided in Table 9102 of Figure 91 were seen in 
seventeen percent of the subjects, while these same two haplotypes were only seen in four 
percent of the subjects in the obese population (p-value corrected for multiple testing 
equal to 0.02). 

20 This section provides an example of the second cross-species approach outlined in 

Section 5:19. In this example, a locus for obesity was identified on human chromosome 
4. Further, the ortholog of a gene that falls within this locus, CCKAR, was found to be 
causal for a trait in mice that corresponds to human obesity. This cross species 
information makes CCKAR a top target, and the results of this testing are significant in 

25 that DNA variations in the CCKAR gene in a cohort of obese and thin individuals were 
seen to significantly associate with obesity and thinness. 



30 most comprehensive analysis of the genetics of gene expression described to date in 

mouse and humans. The present invention delineates the type of information that may be 
obtained by intersecting two important sources of biological information, gene expression 
data from microarray experiments and DNA variation data in segregating populations. 



6.9. CONCLUDING REMARKS 

Quantitative trait analyses on gene expression data have been described for the 
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The identifiers of eQTL for genes expressed in a reprSffative tissues provides 
insight into the genetic networks that constitute the complexity of living systems. The 
genes with very significant eQTL in the mouse or significant heritabilities in human 
provide a list of interesting targets for many complex phenotypes, given the strong degree 
5 of genetic control observed in what can be considered naturally segregating populations" 
The several hundred genes with lod scores exceeding 20 in mouse that are described 
above represent a new class of quantitative traits, with linkage significance not commonly 
seen before in mammalian systems. 

As detailed herein, the potential to provide clustering information in the genetics 
10 dimension to help elucidate gene function in complex systems is a powerful tool. The 
causal nature of genetics allows for the anchoring of multiple genes under the common 
control of a single or multiple loci, as shown in Fig. 20, thereby providing roots for the 
graphs that can more completely depict the complicated network of gene interactions at 
play in complex phenotypes. Genes that are highly correlated with respect to expression 
will usually have linkage regions in common. Genes that are not highly correlated, but 
under the control of a common locus, will be appropriately clustered together in a linkage 
analysis, thereby allowing identification of gene interactions in a novel way. 

The class of genes discussed in relation to Fig. 59 and Fig. 20 above provides 
objective evidence that many of the genes co-localized to a single QTL hot spot are 

20 associated with the obesity-related traits. The patterns of expression serve to refine the 
obesity phenotype and allow for the enrichment of subpopulations that are homogeneous 
with respect to the underlying causes of obesity in the population. Identifying such 
subpopulations has significant consequences for drug discovery, since each subpopulation 
may be more effectively treated by a compound that targets a pathway specifically 

25 associated with the disease in that subpopulation. An optimal strategy for the trealment 
of a given common disease may be a panel of drugs targeting more homogeneous 
subpopulations that have been objectively identified using the combination of gene 
expression, genetics, and clinical data. 

Several candidate genes for the chromosome 2 FPM QTL (Section 5.19) whose 
30 physical locations are coincident with their respective eQTL are reasonable candidate 

genes for norther research. When these methods of the present invention are viewed from 
the standpoint of hypothesis generation, the candidate genes with supporting genetic 
clusters offer researchers possible insights into the complex traits and suggest meaningful 
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nypottieses to^^ner vauoation. m tms example, me co JBFea gene 
expression/genetics approach has effectively generated interesting hypotheses by filtering 
the number of genes that would otherwise need to be considered from 25,000, to 3 or 4 
reasonable candidates, with hundreds of additional genes forming patterns that represent 
5 the reactive changes induced by the causative gene set, all of which have been identified 
in a completely objective manner. 

For the last century genetics has been used to identify regions in the genome 
"causing" variation in a given trait. For the past decade gene expression has been used to 
identify those genes that are co-regulated over some number of conditions, presenting 
10 patterns of expression that help elucidate those genes involved in complex traits. The two 
combined approaches have the power to refine the definition of complex phenotypes, 
identify subtypes within a given phenotype, and uncover pathways associated with the 
phenotype in an unprecedented manner. The potential exists to impact the more 
significant rate-Umiting steps in the drug discovery process: Objectively classifying 
15 individuals according to disease subtypes and identifying the drivers of the pathways, the 
causal factors, underlying those disease subtypes. In the past, dissecting complex traits 
using genetics has met with limited success, and up to now, gene expression has appeared 
, as an indirect marker for complex traits, so that olhers have settled for functional 
uncertainty by restricting attention to the use of DNA markers in identifying the causal 
20 factors for complex traits. We have demonstrated that the combination of gene 

expression and genetics data has the potential to overcome these barriers. The addition of 
gene expression data can be used to refine the disease phenotype, directly implicate 
pathways and genes comprising those pathways associated with the disease phenotype, 
and identify the key drivers of the pathways underlying the disease phenotype. Key 
25 pathway drivers can potentially be identified even in cases where these drivers are not 

expressed in the tissues profiled, since such key genes may be expressed in one tissue, yet 
drive patterns of expressions in different tissues. In such cases, transcript abundance's of 
those genes comprising the expression patterns in the profiled tissues will be genetically 
linked to the physical location of the gene driving their expression. 

30 The large-scale consideration of molecular phenotypes as quantitative traits is not 

tied to microarray data, but can be applied to any form of molecular phenotyping data, 
where the main aim is to consider large classes of phenotypes simultaneously in the 
context of genetics to elucidate genes and pathways for complex diseases. Problems of 
multiple testing, pattern recognition, more advanced multivariate statistical genetics 
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techniques and^p-e efficient data-integration schemes wiSRd to be vigorously 
pursued to derive the most from this type of data. However, for now, the identification of 
genes under genetic control, along with the loci that exhibit that control, provide a first 
step in reaching the ultimate goal of piecing together genetic networks for use in 
5 dissecting the etiology of complex traits. 



7. REFERENCES CITED 

All references cited herein are incorporated herein by reference in their entirety 
and for all purposes to the same extent as if each individual publication or patent or patent 
1 0 application was specifically and individually indicated to be incorporated by reference in 
its entirety for all purposes. 

The present invention can be implemented as a computer program product that 
comprises a computer program mechanism embedded in a computer readable storage 
medium. For instance, the computer program product could contain the program modules 
1 5 shown in Fig. 1 . These program modules may be stored on a CD-ROM, magnetic disk 
storage product, or any other computer readable data or program storage product. The 
software modules in the computer program product may also be distributed electronically, 
via the Internet or otherwise, by transmission of a computer data signal (in which the 
software modules are embedded) on a carrier wave. 

20 Many modifications and variations of this invention can be made without 

departing from its spirit and scope, as will be apparent to those skilled in the art. The 
specific embodiments described herein are offered by way of example only, and the 
invention is to be limited only by the terms of the appended claims, along with the full 
scope of equivalents to which such claims are entitled. 
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